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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
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 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.”

Marc-André Pleier 4/9



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
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year name affiliation year name affiliation
2022 Jiayi Chen Brandeis 2005 Anne Sickles SBU
2021 Yanzhu Chen SBU 2004 Mirna Lerotic SBU
2020 Rebekah Pestes Virginia Tech 2003 Lilia Anguelova SBU
2019 Brooke Russell Yale 2003 Carola Berger SBU
2018 Minjung Kim Seoul NU 2002 Yiing-Rei Chen SBU
2017 Anna Gura SBU 2001 Jane Burward-Hoy SBU
2016 Kathryn Meehan UC Davis 2001 Irina Mocioiu SBU
2015 Fen Guan SBU 2001 Rebecca Christianson MIT
2014 Li Yi Purdue 2000 Diana Vaman SBU
2013 Sara Callori SBU 1999 Angelika Osanna SBU
2012 Marija Kotur SBU 1998 Shan-Ho Tsai SBU
2011 Megan Connors SBU 1998 Mary Josephine Bellanca SBU
2010 Johanna Nelson SBU 1997 N.N. N.N.
2009 Na Li CCNU 1996 Q. Joan Harris MIT
2008 Christine Nattrass Yale 1995 N.N. N.N.
2007 Manuela Kulaxizi SBU 1994 Fang Shu SBU
2006 Enju Lima SBU 1992 Xiaodong Zhang SBU

Recipients Thus Far
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August 14, 2023

Dmitri Denisov with thanks to Noel Blackburn

Diversity, Equity and Inclusion at BNL

Gertrude Scharff-Goldhaber Prize 2023 Ceremony



Support the Lab's mission by fostering a 
psychologically safe environment for 

everyone to be authentic and productive in 
a respectful and diverse workplace thereby 

BNL recognizes its fullest potential and 
remains relevant in the future 

2

BNL DEI Vision

Develop the behaviors to produce the habits that result in the desired workplace 



3

Brookhaven continues to view culture change—altering behaviors 
and perspectives—as the primary challenge in advancing its DEI 
vision. To accelerate the DEI effort at the Lab, multi-year strategic 
plan is based on:
• Developing a psychologically safe and respectful workplace where 

everyone is valued for their perspective
• Fostering a sense of belonging
• Creating a welcoming environment for a diverse workforce
• Increasing access for communities unfamiliar with the U.S. 

Moving Forward



Strategy Behind BNL Vision
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DEI Strategy Pillars

Pillar IV: Outreach & 
Education

• Partnership between 
Human Resources, DEI 
Office, Office of 
Educational Programs 
(OEP), Scientific 
Directorates targeted 
outreach programs

• Co-hosted energy course 
for NYC 11th and 12th 
grade URMs with AABE in 
FY22 & FY23

• Re-established the 
Professional Associates 
Program introducing two 
recent graduated 
undergrads to the support 
side of the Lab

• Collaborating with 
InCREASE to co-host a 
President Forum& Facility 
workshops introducing 
DOE-BNL to MSIs 

5

Pillar II: Structural 
Barriers

• New Performance 
Appraisal guidance for Lab 
staff Annual DEI goals 
based on impact to the Lab

• Appointed an Equity Officer 

• Developed and conducted 
training workshops for 
ERGs and DEI Councils

• Developed workshop to 
encourage leaders to 
cultivate appropriate habits 
to address a more diverse 
workplace

Pillar III: Engagement
• Management Steering 

Committee-DEI Executive 
Council-Employee 
Resource Group (ERG) 
leaders, Directorate DEI 
Councils and Special Lens 
Groups

• DEI Office promoting more 
directorate/departmental 
social activities

• DEI Office and SRO 
hosting a Recognition 
event for the Lab’s 75th 
Anniversary

• Developing lab wide DEIA 
messaging to promote a 
respectful workplace

Pillar I: Leadership 
Accountability

• Appointment of new CDO 
reporting to the Lab 
Director

• Strong Leadership support 
of Directorate DEI Councils

• Leadership increased 
support and 
communication with ERGs

• Directorate Leaders  
establishing/strengthening 
external partnerships 
through signed MoUs with 
MSIs
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Messaging Program



DEI Office Website
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DEI Office Website
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Many Activities are in Progress
• Workshop on Exploring Collaboration with Minority Serving 

Institutions in Nuclear and Particle Physics, July 18-19, 2023
• 17 MSIs participated, including students 

• Proposals submitted responding to DOE-SC FOAs on FAIR 
and RENEW programs in collaborations with MSIs have been 
successful 

• Workforce development and pipeline: outreach, BNL summer 
Sundays, SULI, SCGSR and more

• And many other initiatives
• Brookhaven makes the Top 20 Government Employer List for 

2023 Annual issue of Equal Opportunity Magazine

9

Workshop on Exploring Collaboration with Minority 
Serving Institutions 



Support the Lab's mission by fostering a 
psychologically safe environment for 

everyone to be authentic and productive in 
a respectful and diverse workplace thereby 

BNL recognizes its fullest potential and 
remains relevant in the future 

10

BNL DEI Vision



Gertrude Scharff-Goldhaber Prize 2023 presented to Xiaofeng Wang

• “I have been fascinated by physics since I was a young
student, I wanted to understand the fundamental
nature of matter and energy and the origin and
evolution of the universe.”

• Wang's study of the Breit-Wheeler process began in
the autumn of 2019, under the supervision of Zhangbu
Xu (BNL), Chi Yang (Shandong University), and James
Daniel Brandenburg (Ohio State University).



Energy Dependence of Breit-Wheeler Process in Heavy-Ion Collisions 
and Its Application to Nuclear Charge Radius Measurements

Xiaofeng Wang （王晓凤）
Scharff-Goldhaber Prize Ceremony

August 15, 2023
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Outline

uQuark Gluon Plasma in Heavy Ion Collisions

uBreit-Wheeler Process in Heavy Ion Collisions

uApplication of Breit-Wheeler Process

üStudy the properties of quark gluon plasma

üMap the magnetic field

üConstrain nuclear charge radii

uSummary and Perspective
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Configuration of Atom

Quarks/gluons: confined in protons and neutrons through strong force



Quark Deconfinement

8/15/23 Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 5
QGP

Quark-Gluon Plasma (QGP): 
A new state of quark and gluon degrees of freedom

Is it possible to observe QGP in the laboratory?

Neutron star



Relativistic Heavy Ion Collisions: Heated to 𝟏𝟎𝟏𝟐 K !! 

8/15/23 Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 6

Hottest Temperature in the Lab: About 10! times hotter than the center of the Sun

QGP can be created in relativistic heavy ion collisions

The core temperature of the sun: 2*10!K 
(quarks are still confined in hadrons)

the Nobel Prize in Physics in 1957



Relativistic Heavy Ion Collider (RHIC) and STAR

8/15/23 Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 7

RHIC can create QGP

Solenoidal Tracker At RHIC (STAR) can measure the properties of QGP

Dielectron: No strong interaction → Ideal electromagnetic probe for probing QGP properties

(s)PHENIX

PHOBOS BRAHMS



uBreit-Wheeler process: 

converting real photon into e#𝑒$

Breit & Wheeler, Phys. Rev. 46 (1934) 1087 

8/15/23 Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 8

The Breit-Wheeler Process : 𝜸𝜸 → 𝒆#𝒆$



uBreit-Wheeler process: 

converting real photon into e#𝑒$

Breit & Wheeler, Phys. Rev. 46 (1934) 1087 

8/15/23 Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 9

The Breit-Wheeler Process : 𝜸𝜸 → 𝒆#𝒆$

Hard to observe

p The cross section is small

p The insufficiently large 

available densities of photon



uBreit-Wheeler process: 

converting real photon into e#𝑒$

Breit & Wheeler, Phys. Rev. 46 (1934) 1087 
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The Breit-Wheeler Process : 𝜸𝜸 → 𝒆#𝒆$

Hard to observe

p The cross section is small

p The insufficiently large 

available densities of photon



u Highly Lorentz-contracted charged nuclei produce 

electromagnetic fields (EM)

u Equivalent Photon Approximation (EPA): EM fields → a 

flux of quasi-real photons
Weizsäcker, C. F. v. Zeitschrift für Physik 88 (1934): 612 

u High photon density from highly charged nuclei (∝ 𝑍%)

u Virtuality 𝑄% ≲ ⁄ℏ 𝑅& % in UPCs ⟹ almost real

Ann.Rev.Nucl.Part.Sci. 55 (2005) 271-310 

uVirtuality cancels at low photon transverse momentum

Vidovic, M. and Greiner, M. and Best, C. Phys.Rev.C 47 (1993) 2308-2319
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Ultra-Peripheral Heavy Ion Collisions (UPCs)



Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 12

Breit-Wheeler Process Was Observed in UPCs at STAR

8/15/23

STAR, PRL 127 (2021) 052302 

𝛾'

𝛾%

Beam pipe
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Breit-Wheeler Process Was Observed in UPCs at STAR

8/15/23

STAR, PRL 127 (2021) 052302 

𝛾'

𝛾%

Beam pipe

Distinctive features of BW process 
u  Exclusive production of 𝑒#𝑒$ pair



Xiaofeng Wang@Scharff-Goldhaber Prize Ceremony 14

Breit-Wheeler Process Was Observed in UPCs at STAR

8/15/23

STAR, PRL 127 (2021) 052302 

𝛾'

𝛾%

Beam pipe

Distinctive features of BW process 
u  Exclusive production of 𝑒#𝑒$ pair

uConcentrated at low transverse momentum(𝒑𝑻)

p Back to back in transverse plane
𝒑𝑻 (GeV/c)

𝒅𝒑
𝑻

QED: Quantum ElectroDynamics
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Breit-Wheeler Process Was Observed in UPCs at STAR

8/15/23

STAR, PRL 127 (2021) 052302 

𝛾'

𝛾%

Beam pipe

Distinctive features of BW process 
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u  Exclusive production of 𝑒#𝑒$ pair

uConcentrated at low transverse momentum(𝒑𝑻)

p Back to back in transverse plane

uSmooth invariant mass spectra

p Quantum number conservation

Einstein's mass-energy equation
𝐸% − 𝑝% = 𝑀%, 𝑝~0 ⟹ 𝐸% = 𝑀%
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UPC HHIC

Breit-Wheeler Process in Hadronic Heavy Ion Collisions (HHIC)



STAR: Phys.Rev.Lett. 121, 132301 (2018)
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STAR: Phys.Rev.Lett. 127, 052302 (2021) 

Photon-induced dielectrons as probes to study the properties of QGP in HHIC

UPC HHIC

Breit-Wheeler Process in Hadronic Heavy Ion Collisions (HHIC)



STAR: Phys.Rev.Lett. 121, 132301 (2018)
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STAR: Phys.Rev.Lett. 127, 052302 (2021) 

Photon-induced dielectrons as probes to study the properties of QGP in HHIC

UPC HHIC

Breit-Wheeler Process in Hadronic Heavy Ion Collisions (HHIC)
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Signal Extraction

Extracting the signal in signal/background is only 1%!
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Signal Extraction

Extracting the signal in signal/background is only 1%!

Like sign (to remove 
combinational and 

correlated background) 

Mix event (to correct 
acceptance difference)

Efficiency correction (for 
detector inefficiency and PID) 

Hadronic cocktail 
simulation to remove 
hadron contribution 

!"#$%&'
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Signal Extraction

Extracting the signal in signal/background is only 1%!

Like sign (to remove 
combinational and 

correlated background) 

Mix event (to correct 
acceptance difference)

Efficiency correction (for 
detector inefficiency and PID) 

Hadronic cocktail 
simulation to remove 
hadron contribution 

The first 
measurement 

of 80-100% 
centrality at 

STAR

!"#$%&'
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Signal Extraction

Extracting the signal in signal/background is only 1%!

Like sign (to remove 
combinational and 

correlated background) 

Mix event (to correct 
acceptance difference)

Efficiency correction (for 
detector inefficiency and PID) 

Hadronic cocktail 
simulation to remove 
hadron contribution 

The first 
measurement 

of 80-100% 
centrality at 

STAR

No measurement of input (hadron 
𝑝# spectra, yield…)

trigger bias in peripheral collisions

!"#$%&'
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Signal Extraction

Extracting the signal in signal/background is only 1%!

Like sign (to remove 
combinational and 

correlated background) 

Mix event (to correct 
acceptance difference)

Efficiency correction (for 
detector inefficiency and PID) 

Hadronic cocktail 
simulation to remove 
hadron contribution 

The first 
measurement 

of 80-100% 
centrality at 

STAR

No measurement of input (hadron 
𝑝# spectra, yield…)

trigger bias in peripheral collisions

Tsallis Blast-Wave model

Two Component model 
and Glauber model

Glauber model and QED prediction

!"#$%&'

!
"
#
$
%
&
'



Invariant Mass Distribution at Low-𝑝%
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Excesses (Data - Cocktail) are 
extracted

No vector meson observed 
(𝛾𝛾 vector meson) 

Excesses are well described by 
lowest order EPA-QED predictions
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Excess yield increase 
with beam energy

EPA-QED predicts similar 
energy dependence

Energy Dependence of Excess Yield
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Energy Dependence of 𝑝%&
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• The 𝑝)% of 𝑒#𝑒$ pairs decreases 
with increasing beam energy

8/15/23
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• The 𝑝)% of 𝑒#𝑒$ pairs decreases 
with increasing beam energy

• Indication of final state effect

8/15/23
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Are There Final-State QED Effect?

STAR collaboration Beam Use Requests for Run-23-25

higher statistics
Upgrade of  inner 

Time Projection Chamber

lower 𝑝&, 
lower systematic uncertainty

8/15/23

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0755
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The kinematics of the Breit-Wheeler process are 
sensitive to the details of the nuclear charge distribution

Energy Dependence of Cross Section and 𝑝%&

X. W, J.D. Brandenburg, L. Ruan, F. Shao, Z. Xu, C. Yang, and W. Zha.    Phys. Rev. C 107, 044906 (2023)
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Woods-Saxon:

R. D. Woods and D. S. Saxon, Phys. Rev. 95, 577–578 (1954)

𝜌" 𝑟 =
𝜌#

1 + exp[(𝑟 − 𝑅)/𝑑]

R: charge radius, d: skin depth
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Magnetic field

Nuclear charge distribution

Biot-Savart Law

Woods-Saxon:

R. D. Woods and D. S. Saxon, Phys. Rev. 95, 577–578 (1954)

𝜌" 𝑟 =
𝜌#

1 + exp[(𝑟 − 𝑅)/𝑑]

R: charge radius, d: skin depth
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The kinematics of Breit-
Wheeler process

Magnetic field

Nuclear charge distribution

Biot-Savart Law

EPA

Woods-Saxon:

R. D. Woods and D. S. Saxon, Phys. Rev. 95, 577–578 (1954)

𝜌" 𝑟 =
𝜌#

1 + exp[(𝑟 − 𝑅)/𝑑]

R: charge radius, d: skin depth
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The kinematics of Breit-
Wheeler process

Magnetic field

Nuclear charge distribution

Biot-Savart Law

EPA

Woods-Saxon:

R. D. Woods and D. S. Saxon, Phys. Rev. 95, 577–578 (1954)

constrain

𝜌" 𝑟 =
𝜌#

1 + exp[(𝑟 − 𝑅)/𝑑]

R: charge radius, d: skin depth
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Application: Constrain Charge Distribution with Precision

UPC consistent with nominal nuclear geometry

Peripheral collisions systematically larger

Indication of final state effect in HHIC

X. W, J.D. Brandenburg, L. Ruan, F. Shao, Z. Xu, C. Yang, and W. Zha.    
Phys. Rev. C 107, 044906 (2023)

8/15/23
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RMS of radius, low-E e-scattering: 5.33 fm

UPC MB UPC+MB

RMS 5.39+0.14-0.21 5.67+0.08-0.12 5.53+0.10-0.02



• Breit-Wheeler process has been measured at STAR
ü The kinematics of the Breit-Wheeler process have beam energy dependences 

ü 𝑝)%  and nuclear charge radius: Indication of final state effect

• Application: Breit-Wheeler process can be used to map the magnetic field
and constrain nuclear charge distribution
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• The high-statistics data produced by STAR from 2023 to 2025, can be used to search for 
the final state effect from QGP

• Recently, the LHC has also measured the dilepton production via photon fusion. We can 
use these results to measure the charge radius of the lead nucleus

Perspective
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