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UMass is heavily involved in the worldwide search 
for “dark matter.” There exists a wide range of 
astronomical evidence that the visible stars and 
gas in all galaxies — including our own — are 
immersed in much larger clouds of non-luminous 
matter, typically containing much greater 
(by orders of magnitude) amounts of mass. 

The existence of this “dark matter” is consistent 
with evidence from large-scale galaxy surveys and 
cosmic microwave background measurements, 
which indicate that the majority of matter in the 
universe is non-baryonic, meaning that it is not 
made from the neutrons and protons from which 
ordinary matter is constructed. The nature of this 
non-baryonic component is still totally unknown, 
and the resolution of the “dark matter puzzle” 
is of fundamental importance to cosmology, 

astrophysics, and elementary particle physics.

One leading explanation, motivated by 
supersymmetry theory, is that dark matter 
is comprised of as-yet-
undiscovered Weakly 
Interacting Massive Particles 
(WIMPs) formed in the early 
universe and subsequently 
gravitationally clustered in 
association with baryonic 
matter. In principle, WIMPs 
could be detected in terrestrial 
experiments through their 
collisions with ordinary nuclei, 
giving observable low-energy 
(<100 keV) nuclear recoils. 

(Continued Page 4)

Search for Dark Matter

Zoe Kearney and Kenneth Lin – Both Double Award Winners

Zoe Kearney ’20 and Kenneth Lin ’20, both 
Commonwealth Honors College students 
double majoring in Physics and Astronomy, 
have been awarded 2019 Barry M. Goldwater 
Scholarships and also have been named 
Rising Researchers by UMass Amherst.

The Goldwater Scholarship is a highly 
competitive, nationally recognized award for 
sophomore and junior students pursuing 
research careers in the STEM fields.  Each 
participating   university  nominates its top 
four STEM students for this scholarship.  The 
Goldwater Foundation reports that 1,223 natural 
science, engineering and mathematics students 
were nominated by 443 academic institutions to 
compete for the 2019 Goldwater scholarships.
The Rising Researcher program celebrates 
undergraduate students who excel in research, 
scholarship, or creative activity.  Kearney and 
Lin were amongst a group of six students 
whose awards were announced in May 2019.
Working with her advisor, Astronomy professor 

(Continued Page 5)
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Dear alumni and friends of UMass Physics:

This newsletter comes to you in a strange time – when we are all at home 
and physically distanced from each other.  Our faculty, staff, and students are 
finding ways to make the best of the situation, balancing learning and research 
in new modes with the demands of caring for young children and sharing a 
burdened internet connection.

We do, however, have a year of normalcy to report on, and that’s what most of this newsletter 
is about:  There are three pillars on which a better department is built: student education and 
training; research and scholarship; and the staff and infrastructure that support these education 
and research missions. As you’ll read in this newsletter, the previous academic year has been an 
active period for the department in trying to advance all these areas of activity.
  
Over the last decade, we have had a considerable increase in the numbers of our majors: we 
currently have over three hundred physics undergraduates.  While catering to these increased 
numbers, we have also been rethinking various aspects of the curriculum. In addition to the core 
elements of the program, we are adding many experiential elements to our offerings.  These 
include professional development courses at the undergraduate and graduate levels, an upper-
level data analysis course, a new graduate lab skills course, and introductory courses in learning 
to pose research questions through Arduino technology (see the Arduino Workshop article in 
the Teaching section of this Newsletter).  The expanded number of students has also meant 
expanded needs for advising, where we doubled the number of advisers a few years ago, and 
are doing more to systematize tracking of student performance. Our undergraduate program 
director, Tony Dinsmore, was recognized with a College Outstanding Adviser award for his efforts 
in this sphere.

We have been fortunate to add another talented young faculty member to the department this 
Fall.  Manasa Kandula is a soft condensed matter experimentalist with expertise in the area 
of disordered colloidal matter, and in the cutting-edge technique of imaging macromolecules 
moving in real time, with fluid-phase electron microscopy. Our new colleague joins a group of 
ten assistant professors, fully one-third of our research faculty numbers.  This youthful group of 
faculty offer research to our students in areas ranging from searches for dark matter to topological 
phases of materials.  They have also got off to a great start building research groups and labs; in 
many cases their exceptional promise has already been recognized by several young investigator 
awards from federal funding agencies, and a prestigious Sloan Fellowship for Romain Vasseur.  
Our senior colleagues have had their share of recognition via leadership roles in a number of 
spheres – I highlight Stephane Willocq’s election to the post of deputy Physics Coordinator of the 
ATLAS experiment at CERN in Geneva (he will drop the ‘deputy’ qualifier next year), and our newly-
arrived Gluckstern Professor Krishna Kumar’s role as the chair-elect of the Division of Nuclear 
Physics of the American Physical Society.  At the senior end of the career arc, I would like to 
recognize the second retirement of Mort Sternheim.  For twenty five years since his retirement as 
Physics faculty, Mort and his wife Helen have been the tireless engines behind the UMass STEM 
Institute, an organization with a wide outreach to K-to-12 educators; the Institute will now be 
directed by Shubha Tewari.

Our staff now support faculty and student efforts across three buildings (LGRT, Hasbrouck and 
the Physical Sciences Building).  We have fortunately been able to add a new computer systems 
manager, David Frey, shared with the Astronomy department.  With help from the university we 
also have new spaces for TA help rooms, a lounge for the majors, and a refurbished space for 
our intermediate lab. Our laboratories and offices in the new Physical Sciences Building are now 
humming with the activity of graduate students and postdocs.
As department head I’ve had the pleasure of interacting with many alumni when they visit 
campus, and I’m always humbled at the depth of connection and loyalty that you feel for our 
department and University.  Please do visit, and keep in touch, we would appreciate your sharing 
life experiences, career advice and opportunities with our students.  And of course, good health 
to you in these trying times.  

See you on the other side of this! 
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(Continued from Cover)
The predicted collision rates are extremely small 
and require ultra-low background detectors 
with large (1–100 ton) target masses, located in 
deep underground sites to eliminate neutron 
background coming from cosmic ray muons.
Professor Andrea Pocar is a member of the 
DarkSide collaboration, whose goal is the 
detection of WIMPS using a liquid argon detector. 
Among a number of developing detector 
technologies, two-phase liquid argon time 
projection chambers (LAr TPcs), which detect 
scintillation light and ionization generated by 
recoiling nuclei, are particularly promising. The 
signal-to-background discrimination power, 
the attainable precision for determining 3-D 
event positions, and the sensitivity for a dark 
matter search have been demonstrated in 
published results from members of the present 
collaboration. DarkSide-50 (DS-50), the first 
physics detector of the DarkSide program, 
with a 50 kg active mass of liquid argon, 
produced its first WIMP search results using 
argon from the atmosphere in December 2014. 

In October 2015, DS-50 produced the first ever 
WIMP search results using low-radioactivity 
underground argon. While DarkSide-50 will 
continue to take data for the next few years, 
research and development to build and 
operate a series of larger DarkSide LAr TPCs 
for WIMP detection is also being carried out. 
The intent is to progress to multi-ton detectors 
with the highest sensitivity for high mass WIMP 
detection. Detectors of the DarkSide program 
use several innovative techniques to positively 
identify dark matter signals and to understand 
and suppress the various backgrounds. These 
techniques include the use of argon from 
underground gas wells rather than atmospheric 
sources, to drastically lower the radioactive 

39Ar background; an active neutron veto to 
strongly suppress neutron backgrounds; and 
comprehensive measures to control background 
sources in the detector and photosensors.

An alternative approach to dark matter detection 
is the use of liquid helium, a scheme being 
pursued by Professor Scott Hertel. Liquid Helium 
has long been a focus of scientific interest, largely 
because it transitions at low temperatures 
to a new and interesting phase of matter, the 
superfluid. Many faculty in this department 
have studied superfluid helium, including Bob 
Hallock and Don Candela on the experimental 
side, and Nikolay Prokof’ev and Boris Svistunov 
on the theoretical side. UMass Physics Professor 
Scott Hertel is now opening up a new study, 
investigating superfluid helium as a possible 
material for detecting dark matter particles. 

When a particle scatters from superfluid 
helium, it typically excites electrons into excited 
states. As a postdoc at Yale, Scott Hertel 
demonstrated a method for detecting such 
electrons. However, the energy threshold for 
these electron excitations is too high to detect 
the even lower-energy particle recoils that 
are expected from models of ‘low-mass’ dark 
matter. If a particle deposits a very small amount 
of energy into the helium, then that energy 
appears instead in the form of excitations of the 
liquid itself, phonons and their cousins, rotons, 
which can be thought of as packets of kinetic 
energy and momentum, or quanta of sound. 

A low-energy particle recoil sends these 
excitations ricocheting about in the superfluid 
medium. At very low temperatures (<0.1 K), 
one of these ‘quasi-particle’ excitations can 
knock a single 4He atom from the surface of 
the liquid into the vacuum above. Because 
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the arrival of atoms is easier to detect than 
the original quasiparticles, this technology 
has the possibility of probing dark matter 
entirely out of reach to other methods. 
Assistant Professor Scott Hertel arrived at UMass 
three years ago, with the intention of developing 
this novel liquid helium detector concept. Last 
summer a special dilution refrigerator was 
installed in his lab space in the new Physical 
Sciences Building (PSB); this fridge is capable 
of reaching temperatures below 0.01K, is of 
extremely low vibration (a requirement for 
research involving what are essentially quanta 
of sound), and is highly automated to the point of 
‘push-button’ operation. This research platform 
was specially built by CryoConcept, a French 
company, and required a dedicated support 
structure that resulted from collaboration 
with the PSB architects and coordinators. 

The first task is simply to set up an experimental 
cell which is mounted within the fridge and 

contains both a volume of superfluid helium 
and an evaporation sensor above. This task 
is easier said than done, however, because 
superfluid helium has a famous property 
whereby it ‘creeps’ to coat all available surfaces 
with a thin helium film. Any evaporation-sensing 
detector must be kept free of this film. Hertel’s 
group is pursuing two possible methods to 
block the creeping superfluid helium film. 

The first method is to use an alkali metal film 
(for example, cesium and rubidium), which 
is unwettable by helium. Bob Hallock had 
conducted several studies of this effect. Senior 
Research Fellow Dr. Alessandro Serafin is 
leading the cell design, including this alkali 
film method. A second strategy is being 
investigated is to use an extremely sharp 
knife edge, which should thin the film to the 
point of losing its superfluid properties and 
therefore no longer creeping. PhD student 
Doug Pinckney is leading this knife edge work. 

(Continued from Cover)
Alexandra  Pope,  Kearney  has  been involved
in two galaxy formation and evolution projects 
where she has worked with big data sets, 
honing her skills in data synthesis and analysis.  
These projects  have examined the relationship 
between galaxy properties and the environment 
of dusty star forming galaxies.  Kearney presented 
the first project at the 2018 meeting of the 
American Astronomical Society and the second 
project will be developed in her honors thesis.
“Seeing how all components fit together, such 
as the theory, application, and analysis, has 
taught me early on to always stay curious 
and persistent when there is a problem to be 
solved. I continue to be excited and passionate 
about physics and astronomy and anxiously 
anticipate the opportunity to expand my 
research in the years to come,” says Kearney.
Lin is also a member of Prof. Pope’s research 
group. He has been contributing to two 
groundbreaking projects designed to shed 

light on the roles of star formation and 
supermassive black holes as astrophysical 
processes that drive galaxy evolution. 
His first project aims to reveal the link 
between supermassive black holes and star 
formation evolution in distant galaxies with 
the forthcoming NASA James Webb Space 
Telescope, the successor to the Hubble Space 
Telescope. “This work enables the diagnosis of 
active galactic nuclei at high redshifts where 
the star formation rate peaks in an era called 
cosmic noon,” says Lin.  The second project 
involves developing diagnostic simulations 
for TolTEC, an imaging polarimeter at the 
Large Millimeter Telescope in Mexico. “With 
the three-millimeter wavelengths of TolTEC, 
this study aims to quantify how well galaxy 
sources can be selected by redshift through 
spectral energy distributions and constraining 
the dust emissivity of these sources,” said Lin.
Congratulations to Kearny and Lin for their 
Goldwater and Rising-Researcher Awards!
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Superfluids as Time Crystals

Nikolay Prokof’ev and Boris Svistunov

An ordinary crystal (like salt) has “spontaneously 
broken space-translation symmetry” because 
the atoms organize themselves in a regular 
lattice in space. According to Wikipedia 
(https://en.wikipedia.org/wiki/Time_crystal),the 
concept of a “quantum time crystal” was first 
described by Nobel laureate Frank Wilczek in 
a 2012 paper.  Wilczek wrote: “…It is natural to 
consider the question, whether time-translation 
symmetry might be spontaneously broken 
in a closed quantum mechanical system.” 

The Wikipedia article goes on to state: “later 
it was proven that time crystals cannot exist 
in equilibrium (if only local interactions are 
involved).” This statement is incorrect, which 
is nicely demonstrated by superfluids such 
as He-4.  Superfluids exist in equilibrium 
and do not require nonlocal interactions, 
but nevertheless do spontaneously break 
time-translation symmetry. This remarkable 
property of superfluids is implied by the famous 
Beliaev-Josephson-Anderson relation:
                                                            
Here,  is the phase of the complex-valued 
superfluid order parameter,    is the chemical 
potential, and  is Planck’s constant. The 
remarkable simplicity and universality of 
this relation is rooted in the fact that  is 
a canonical variable (conjugate to the total 
number of particles ), and the frequency of 
its temporal oscillations is thus determined 
by the only physical parameter with the same 
units, / . (for a general derivation, see 
Svistunov, Babaev, and Prokof'ev, Superfluid 
States of Matter, Taylor & Francis, 2015) 

The most exciting manifestation of broken 
time-translation symmetry in superfluids and 
superconductors is the AC Josephson effect, 
whose discoverer, Brian Josephson, was 
awarded the Nobel Prize in 1973. Consider 
two isolated superfluids in thermodynamic 
equilibrium with different chemical potentials,

_and . According to the Beliaev-Josephson-

Anderson relation, the relative phase between 
the two superfluids,  , must rotate 
with angular frequency   As opposed 
to the individual phases  and  which 
cannot be observed within the same system 
(see below), the relative phase  is readily 
measured by connecting the two systems with 
a weak link. The current in the link, which can 
be measured, is proportional to  
This temporal  oscillation of the current 
is the essence of the AC Josephson effect.

This brings up a natural question: How can 
one deny the existence of time crystals at 
equilibrium? Did the physics community (or 
at least the contributors to Wikipedia) forget 
about the AC Josephson effect?  In order to 
resolve this conundrum it is instructive to recall 
what Frank Wilczek wrote back in 2012:  “The 
AC Josephson effect is a semimacroscopic 
oscillatory phenomenon related in spirit to time 
crystallization. It requires, however, a voltage 
difference that must be sustained externally, 
so it is not a ground state effect.” Thus the only 
reservation Wilczek had to consider the AC 
Josephson effect as an example of an equilibrium 
time crystal  was the origin and sustainability 
of the chemical potential difference. However, 
the necessity to apply an external voltage to 
maintain this chemical potential difference is 
a finite-size effect, and does not characterize 
the thermodynamic limit (of infinitely large 
systems), where such a difference can be 
maintained by holding the two superfluids at 
different temperatures or pressures (even in 
the presence of a weak link between them).  

Rather than addressing Wilczek’s reservations 
(which Wilczek himself did later), numerous 
researchers opted to label the AC Josephson 
effect a driven phenomenon. Such a perception, 
naturally associated with the fact that eternal 
oscillations of a physically measurable quantity 
have a distinct flavor of a perpetuum mobile, 
prompted some researchers to prove—and 
many others to immediately accept—a “no-
go” theorem, stating that equilibrium time 
crystals are fundamentally impossible. The 
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most general result along these lines was 
obtained by Watanabe and Oshikawa [Phys. 
Rev. Lett. 114, 251603 (2015)]. In order to find 
the loophole in this no-go theorem, as well as 
to see how this loophole is directly relevant to 
superfluids, it is sufficient to look at ground 
states of classical Hamiltonian systems. (Indeed, 
all fundamental properties of superfluids are 
captured by a classical Hamiltonian, whose 
corresponding equation of motion is known 
as the Gross-Pitaevskii equation and describes 
accurately the Bose-Einstein condensates 
of ultracold gases.)  Here the supposed 
no-go theorem is proven in one sentence: 

(Proof) As is well known to physics 
students, the ground state of a physical 
system corresponds to the minimum 
of the Hamiltonian function , which 
implies that all the partial derivatives of 

 with respect to the canonical variables 
vanish. This in turn means that none of 
the system’s variables can evolve in time.

Considering the Gross-Pitaevskii Hamiltonian, 
we can now clearly see the loophole. If the 
number of particles in the system is not fixed, 
then the absolute energy minimum is just an 
empty system!  In order to find the physical 
ground state, one must invoke the conservation 
of the total amount of matter. This is readily 
achieved by the standard thermodynamic 
prescription , taking us directly to 
the Beliaev-Josephson-Anderson relation (1). 

This  argument  elucidates the two-fold restriction 
implied by the Watanabe-Oshikawa no-go 
theorem for equilibrium time crystals: First, 
such systems must have at least one additive 
constant of motion besides the energy (in the 
superfluid example this is the total number of 
particles). Second, the observable revealing 
the time crystallization (correspondingly, the 
phase of the superfluid order parameter) 
must violate the conservation of this constant.

One subtlety is the value of the chemical 
potential  in (1), which is only defined up to 

an arbitrary constant. The arbitrary character of 
this choice results in a certain constraint on any 
protocol of measuring  and thereby the time-
crystallization effect in superfluids; however, 
this nuance does not exclude the effect itself.  It 
is thus instructive to identify a class of superfluid 
systems where the effect of equilibrium time 
crystallization is free from such ambiguities. 
In our recent paper (arXiv:1909.01916; Nikolay 
Prokof’ev and Boris Svistunov), we show that 
this is attained in multicomponent superfluids, 
where the physical quantity of interest is the 
phase difference between the components 
“a” and “b”, governed by the Beliaev-
Josephson-Anderson relation,                                              

To detect the rotation of the phase predicted 
by this equation it is necessary to create a 
Josephson link between the components a and b. 
It is a theorem that any measurement revealing 
the time crystallization effect in the field  must 
violate the conservation of particles in each of 
the two components.  Hence, we need a process 
that converts the components a and b into each 
other. The conceptual difference between this 
“internal” Josephson effect and its conventional 
counterpart is that now the time crystal period, 
seen as the period of the Josephson current 
oscillations, is independent of the choice 
for counting energy in a single equilibrium 
sample. Especially interesting are the so-called 
“counterflow superfluids” where the superfluid 
order exists exclusively in the  field.

The manifestation of time crystallization in a two-
component Bose-Einstein condensate has been 
already observed by David Hall, Eric Cornell, and 
their collaborators [Phys. Rev. Lett. 81, 1543 
(1998)]. As opposed  to the suggestion in our 
paper of  detecting time-translation  symmetry 
breaking at equilibrium, the experiment by 
Hall et al. starts by creating a coherent non-
equilibrium initial state with well-defined 
relative phase between the two components 
(by producing the second component out of 
the condensed first one). The evidence for 
the broken time-translation symmetry then 
comes in the form of long-lived oscillations 
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of the relative phase of the two condensates.

If we render the weak interconversion 
interaction global (uniform) rather than local, 
then the experiment would demonstrate—by 
the very fact that a macroscopic equilibrium 
system features a finite response to such a 
perturbation—a fundamental property of 
macroscopic time crystals: the inevitable 
presence of long-range spatial correlations 
along with the oscillations in the time domain.

The study of superfluid time crystals is an 
important example of a broad and timely 
research area that addresses the spontaneous 
breaking of time-translation symmetry in 
equilibrium, steady state, and periodically driven 
(Floquet) systems. Currently exciting progress 
on  Floquet  time crystals  is being made on  both  
theoretical and experimental fronts. (See, e.g., 
the review by Sacha and Zakrzewski, Rep. Prog. 
Phys. 81, 016401 (2018), and references therein.) 

Tigran Sedraykyan

Physical systems can generally be classified 
as classical or quantum. A defining property 
of a two-dimensional quantum system in 
condensed matter physics is its emergent 
behavior at low temperatures. This happens 
when a large number of individual particles 
interact with each other actively, resulting in the 
emergence of distinct collective “quasiparticles.” 

Two important examples of emergent 
behaviors in quantum materials are exhibited 
by quantum magnets and superconductors. 
Superconductivity is a phenomenon whose 
defining characteristic is the appearance of 
electron pairs that are “glued” together by 
some attractive interactions, resulting in a 
vanishing electrical resistance of the material 
at low temperatures. In quantum magnets, 

the magnetic moments, such as the spins 
of electrons, are typically organized at low 
temperatures in a regular pattern. Such an 
ordered state of electron spins is similar in 
its nature to the Bose-Einstein condensate, 
where many particles fall into the same 
quantum state due to mutual interactions. 

The microscopic description of materials 
exhibiting quantum magnetism and that of 
superconductors is entirely different. However, 
in a recent series of publications, UMass 
Physics faculty member Tigran Sedrakyan and 
his collaborators have proposed an elegant 
theoretical method for describing both types of 
quantum emergent phenomena within a unified 
scenario based on topological field theory.  

Tigran explains aspects of their theory: “both 
states are ordered, and therefore the emergent 
quasiparticles in these states are very similar.” 

This theoretical progress will help scientists 
understand the phases exhibited by interacting 
quantum matter and the interplay between 
them. A representative example is a proposal 
by Tigran and his former postdoc Saurabh 
Maiti (presently tenure track professor at 
Concordia University, Montreal, Canada) 
to employ an ultracold atomic setup for 
studying the nontrivial interplay between 
different novel states of quantum matter.    

The theory developed by Tigran and his 
collaborators will inspire new experiments and 
will provide models for transitions between 
quantum phases with ultracold atom setups 
-- a modern contemporary tool to control 
interacting quantum matter with high precision. 
Sedrakyan concludes: “The experiments we 
propose are well within the capabilities of 
current setups, and may thus open a new era of 
interdisciplinary research, looking at fascinating 
properties of phases of quantum matter.”

Superfluids as Time Crystals cont.

emergent behaviors
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Dinsmore group: Soft Matter Physics 
Inspired by Biological membranes

In living systems, the cell is enveloped by a thin, 
flexible membrane that carries out essential 
cell functions such as transducing chemical or 
mechanical signals, transporting material in and 
out of the cell, forming adhesive junctions in 
tissues, and adapting shape for cell locomotion. 
The membrane is remarkably tough given how 
thin it is (4 nanometers); even more remarkably, 
this type of membrane can form spontaneously 
(“self-assemble”) when the ingredients are 
mixed in solution. Tony Dinsmore’s group – and 
many others around the world – are inspired 
by the prospect of mimicking these biological 
functions using self-assembled membranes 
made from synthetic molecules, which allows 
the possibility for large-scale application. 
Achieving that goal requires that we first 
understand physical principles that govern 
membrane shape, stiffness, and permeability, 
and how these properties respond to stimuli.
 
Tony’s group and their collaborators are 
investigating what happens when nanoparticles 
bind to lipid-bilayer membranes. The 
experiments are made possible by collaboration 
with the group of Vincent Rotello (UMass 
Chemistry) who synthesized the nanoparticles, 
and by developing a way to control the energy 
of adhesion between the particles and the 
membrane. The figure shows two discoveries 
that were recently reported in an article in the 
journal Nanoscale (2019), led by Sarah Zuraw-
Weston and Derek Wood (PhD ’17). When the 
added nanoparticles (which are too small to 
see in the images) bind strongly, the vesicles 
undergo a destruction process with a series 
of well-defined stages including clustering of 
particles on the membrane, shrinkage and 
eventual rupture of the membrane, and – most 
remarkably, formation of a network of tubules 
of membrane + particles. By contrast, when the 
nanoparticles bind weakly, the vesicles remain 
intact and adhere to one another, forming a solid, 
foam-like network (a gel). This material creates 
exciting new opportunities for biocompatible, 

water-based soft materials that can encapsulate 
and release materials on demand. Beyond the 
interesting phenomenology, the results show 
how the critical binding energy is related to 
the membrane’s stiffness against bending, 
thus providing mechanistic insights into a 
much broader set of problems. Sarah and 
undergraduate Rob Keane (BS ’20) are now 
looking at similar questions with particles 
that have rod-like or plate-like shapes. 

Together with graduate student Rui Cao and 
collaborators in S. “Thai” Thayumanavan’s 
group (UMass Chemistry), Tony is studying the 
mechanical properties of the vesicle-based 
gels to develop this new kind of material. A 
third project with student Arash Manafirad and 
Thayumanavan seeks to mimic the cell’s ability 
to control transport across the membrane using 
light-activated molecules rather than proteins. 
These experiments use micropipette aspiration 
to measure mechanical properties of individual 
vesicles using a facility brought to UMass by 
our colleague Adrian Parsegian and his long-
time collaborator Evan Evans (Figure 2). Tony is 
excited by this work because of the connection 
between basic physics and fascinating 
applications; it unites the results of several 
students working on separate experiments, 
and it builds on strengths across the UMass 
campus in the broader field of soft materials.

Tiny spherical particles 
(7 nm) binding to 20-μm 
(20,000 nm) membrane 
vesicles cause different 
outcomes, depending on 
the competition between 
the energy of adhesion 
and the energy of bending 

the membrane. Weak adhesion leads to a new kind of 
gel (top) and strong adhesion leads to a remarkable 
sequence of tubule-formation and destruction.

Micropipette aspiration uses a 
hollow microscopic glass tube 
to apply suction to a single 
membrane vesicle. The suction 
pressure is related to stress on 
the membrane and we measure 

the resulting change in surface area and volume in 
the vesicle to characterize its mechanical properties.

Dinsmore research
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Building Devices to handle 
Quantum Information

Assistant Professor Chen Wang runs a lab that 
explores the very timely area of superconducting 
circuit devices for quantum information 
processing. The focus of the lab is to improve 
the performance of superconducting quantum 
bits on both the physical and the logical level.
 
Quantum information utilizes the exponentially 
large Hilbert space of entangled quantum 
systems to carry out digital computation, 
analog simulation and signal sensing.  It has 
the potential to revolutionize many fields 
including data science, cryptography, and 
materials science, and is heavily pursued under 
worldwide strategic investments, including the 
2018 National Quantum Initiative by the US 
Congress.  Superconducting quantum circuits 
are a leading platform for quantum information 
technology, and in particular for quantum 
computing.  The Wang lab brings a presence in 
basic research in this area to the UMass Physics 
Department.
  
The basic building block of a superconducting 
quantum computer is the quantum bit (qubit), 
which here is made of a micro-fabricated 
aluminum thin film structure patterned on 

a sapphire 
s u b s t r a t e .  
Aluminum is a 
superconductor 
with a transition 
t e m p e r a t u r e 
of 1.2 K, about 
four times 
colder than the 
boiling point of 
liquid helium.  
Therefore, when 
the aluminum 
device is cooled 
down far below 
this temperature 
(to about 10 mK, 
or one hundred 

times colder) it becomes almost completely 
free of dissipation and can maintain quantum 
superposition states quite well.  To reach these 
very cold temperatures, the Wang lab has two 
dilution refrigerators which are inside the gray 
cylinders visible in the photograph.
  
A good analogy to understand the 
superconducting qubit is to think of it as an 
“artificial atom”: the electrons in an isolated 
aluminum island form a coherent cloud with 
distinct (frictionless) orbitals and energy levels, 
in the same way that electrons form a cloud 
around the nucleus of an atom.   The resultant 
discrete orbitals represent the ground, first 
excited, second excited states, etc.  The Wang lab 
employs modern electronics, including arbitrary 
waveform generators, RF synthesizers, and I-Q 
mixers to generate programmable microwave 
pulse sequences to manipulate and measure 
the quantum states of these qubits.  Operation 
of superconducting qubits is conceptually very 
much like the manipulation of atomic systems, 
where lasers and real atoms are replaced with 
microwaves and artificial atoms. 

Students in the Chen lab acquire a wide range of 
expertise. They are engaged in electromagnetic 
simulations and quantum circuit analysis to aid 
in device design; cleanroom nanotechnology 
and conventional machining to fabricate the 
devices; custom thermalization, filtering and 
shielding of the cryogenic setup; and a relatively 
heavy dose of programming to implement 
quantum control protocols. 

Since moving to the new Physical Sciences 
Building in July 2018, the lab has grown to 
a group of 6 graduate students and several 
undergraduates.  In progress are numbers of 
fascinating projects including probing non-
reciprocal interactions in the quantum regime, 
and developing a Josephson-junction-chain-
based circuit as a contender for mainstream 
superconducting qubits.  Emerging results from 
a project to realize autonomous quantum error 
correction are particularly exciting for possible 
practical applications of quantum computing!

wang research
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The CeNTREX Program

Any particle with spin, such as the electron, the 
proton, or the neutron, is expected to have a 
magnetic dipole moment, implying that when 
it is placed in a magnetic field the energy is 
different when its spin is aligned with the 
magnetic field from when it is anti-aligned.  The 
energy difference between these two states 
is simply twice the strength of the magnetic 
field multiplied by the magnetic moment.   A 
measurement of this energy difference then 
determines the size of the magnetic moment.  

Similarly, were any of these particles to 
possess an electric dipole moment (EDM), 
then if placed in an electric field, there would 
exist an energy difference between states 
wherein the dipole moment is aligned and 
anti-aligned with the electric field, providing a 
way to detect the presence of such an electric 
dipole moment. Of course, a charged particle 
would also be accelerated by the electric field 
so the field immersion would seem to work 
only for a neutral system such as the neutron.  

The late Harvard University Nobel laureate 
Norman  Ramsey  began  a series of  studies  looking 
for a neutron EDM. He  undertook this work 
without realizing that the existence of a neutron 
EDM would indicate the violation of both parity 
and time reversal invariance, but soon seeking 
such violation became the focus of the work 
and remains the  primary aim since that time.

An issue in such experiments is the magnitude 
of the electric field. Since any limit on EDM size 
is found by dividing a measured energy shift 
by this field, it is important to have the largest 
field possible.  The electric field in a capacitor 

is proportional to the potential difference 
divided by the plate separation and can be 
made very large by making this separation 
small, but at electric field values greater than 
about 104 volt/cm arcing occurs so this sets a 
limit on the sensitivity which can be obtained.   

UMass Professor David Kawall is a member of 
CeNTREX (Cold molecule Nuclear Time Reversal 
Experiment) being mounted at Yale University 
(with collaborators from Yale, Columbia, and 
UMass) which gets around this electric field 
restriction by employing the huge electric fields 
which are present inside molecules.  In addition, 
there is no restriction to neutral particles 
because in the presence of a charged particle 
the nearby electrons adjust their locations to 
shield the particle from the external field.  This 
shielding would be perfect if one had only 
nonrelativistic systems at play and if nuclei were 
point particles, but breaks down in the presence 
of relativistic effects and finite sized nuclei.  

Using the molecule TlF (thallium fluoride) 
the group will look for an energy shift and 
therefore an EDM of the 205Tl nucleus as 
the molecular electric field is changed with 
respect to the Tl nuclear spin.  Any results will 
be combined with theoretical calculations in 
order to provide a greatly improved limit on 
the EDM of the proton, from its current value 
about a factor of thirty weaker than that of the 
neutron to a limit comparable to the neutron. 
The experiment is currently under construction 
and hopes to begin taking data within about 
a year. Future upgrades could reduce the 
proton limits well below those of the neutron.

Schematic of the CeNTREX Apparatus
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The pi meson, or pion, has a mass of about 
140 MeV and is the lightest particle which 
participates in the strong interactions.  It is the 
particle which Yukawa proposed to exchange 
between nucleons in order to understand the 
tight binding of the nucleus.  There are three 
types of pions, two of which,  and  are a 
particle/antiparticle pair and have a mass of 
about 138.6 MeV, and the which is neutral, has 
a mass of 135.0 MeV and is its own antiparticle.  
The charged pions decay primarily via the weak 
process , while the neutral pion decays 
electromagnetically via .  The lifetime of 
the charged pions is about 26 nanoseconds 
(10-9 seconds), while the neutral pion lifetime 
is much shorter, about 84 attoseconds (10-18 
seconds).  An interesting aspect of the neutral 
pion decay is that it occurs primarily on account 
of a quantum mechanical anomaly, which is said 
to occur when a symmetry is obeyed classically 
but is broken when the theory is quantized.  The 
symmetry in this case is called chiral symmetry 
and refers to a predicted symmetry between 
massless quarks whose spin is aligned/anti-
aligned with their momentum.  This “anomalous” 
prediction is almost but not quite exact and 
small (several percent) corrections have been 
calculated by several groups of theorists, one 
of which included emeritus UMass Professor 
Barry Holstein.  

Since this predicted lifetime is a rigorous 
prediction of the standard model of nuclear/
particle physics, it is important to measure 
it as a test of this theory. The problem is that 
attosecond lifetimes are difficult to measure 
directly. Lifetimes which are nanoseconds can 
be measured directly by watching the decay of 
a particle beam.  On the other hand, lifetimes 
of order 10-23 seconds or shorter can be found 
by measuring the energy width of the decaying 
system. The  lifetime is in-between and 
requires a different sort of technique.  UMass 
Professor Rory Miskimen is one of the leaders 
of the PRIMEX experiment at the Thomas 
Jefferson National Laboratory (JLab) in Newport 
News, Virginia, which seeks to obtain a precise 

value of the neutral pion lifetime using what 
is called the Primakoff effect, named after 
the late Henry Primakoff of the University of 
Pennsylvania, who proposed it. The idea is to 
detect not the decay of the  but rather the 
amplitude for this decay by measuring the 
reaction wherein an incident photon becomes 
an outgoing  by exchange of a virtual photon 
with a heavily charged nucleus such as lead. 
Even this is not easy, however, and requires 
very precise measurement and analysis.  

The PRIMEX effort has been underway now 
for over fifteen years, with approval by the 
JLab program advisory committee in 2002 and 
an initial data run in 2004.  The result of this 
run was a 2.8% measurement of the decay 
amplitude and was published in 2011 in Physical 
Review Letters.  The number was about halfway 
between the uncorrected and corrected 
anomaly prediction and agreed with both.  
An improved measurement, called PRIMEX-II 
was then proposed and run in 2010 with five 
times as many events.  The results were then 
analyzed by two independent groups.  The 
results have been submitted for publication 
in the journal Science, and quote a number 
which is in good agreement with the simple 
(non-corrected) anomaly prediction, and quote 
a 1.5% uncertainty. Now the ball is back in the 
theorists’ court, in explaining why the predicted 
corrections to the chiral anomaly prediction are 
not observed experimentally.

To extremely good accuracy the Standard Model 
conserves baryon number. Each nucleon carries 
a baryon number of +1 while each anti-baryon 
carries -1. The conservation of baryon number 
implies that the lightest baryon, the proton, is 
a stable particle. Experiments looking for the 
decay of the proton are thus probing beyond-

Pion Lifetime: the PRIMEX ExperimenNeutralt

Jordy De Vries - Baryon number 
violation but stable protons

r
e

s
e

a
r

c
h

12



D
E

P
A

R
T

M
E

N
T

 O
F

 P
H

Y
S

IC
S

  |  U
N

IV
E

R
S

IT
Y

 O
F

 M
A

S
S

A
C

H
U

S
E

T
T

S
 A

M
H

E
R

S
T

the-Standard Model physics. An interesting 
class of beyond-the-Standard-Model-physics 
models violates baryon-number by two units. 
In such models, which are motivated by the 
universal matter-antimatter asymmetry, 
the proton remains stable but neutrons can 
oscillate into antineutrons and otherwise stable 
atomic nuclei become unstable.

An outstanding problem has been how to 
relate nuclear decay rates to the underlying 
baryon-number-violating interactions among 
elementary quarks and gluons. In a paper 
coauthored with collaborators from Groningen, 
Sichuan, and Orsay, Jordy De Vries developed a 
new framework, based on effective field theory, 
to overcome this challenge. The concept of 
unitarity was used to relate the lifetime of 
the deuteron, the simplest stable nucleus, to 
measured quantities related to the scattering 
of nucleons and antinucleons. This result allows 
for a direct interpretation of existing and future 
experiments probing baryon number violation.

It was argued that for most sources of 
baryon-number violation, there exists a direct 
connection between the neutron-antineutron 
oscillation time and the deuteron lifetime. In 
particular, experiments on the latter set a more 
stringent constraint on the neutron-antineutron 
oscillation time than previously believed. 
However, for one particular source of baryon-
number violation, the ratio of nuclear lifetimes 
and the neutron-antineutron oscillation time 
can be quite different, which would allow for the 
identification of the symmetry-breaking source 
from hadronic and nuclear experiments. The 
paper was published as an Editors’ Suggestion 
in Physical Review Letters.

On October 15-16, 2019 UMass Amherst 
hosted a joint annual review meeting for two 
Multi-University Research Initiatives (MURI) 

supported by the Army Research Office and Air 
Force Office of Scientific Research, respectively: 
“Fundamental Issues in Non-equilibrium 
Dynamics” (ARO-MURI) and “Quantum Phases 
of Matter” (AFOSR-MURI).  The organizers of 
the meeting were Nikolay Prokof’ev and Boris 
Svistunov. The meeting brought together the 
Program Managers, Primary Investigators, 
post-doctoral scholars, graduate students, and 
interested parties involved in the ARO/AFOSR 
MURI Program.  

The common idea behind the two MURI 
programs is to use the platform of ultracold 
atoms to achieve a controlled understanding 
of fundamental properties of quantum matter.  
This idea is very synergistic with the Precision 
Many Body Physics Initiative at UMass Amherst. 

The list of universities participating in the 
two MURI programs includes MIT, Harvard, 
University of Chicago, Rice, Cornell, University 
of Colorado Boulder, University of Maryland, 
University of Strathclyde, The Ohio State 
University, and UMass Amherst.  The Quantum 
Phases of Matter initiative is led by Nobel 
Laureate Wolfgang Ketterle (MIT) and the 
initiative on the Fundamental Issues in Non-
equilibrium Dynamics is led by Cheng Chin 
(U Chicago).

In March of 2019 the annual Helen and Morton 
Sternheim lecture was delivered by Sally 
Dawson of Brookhaven National Laboratory, 
a well-known elementary particle theorist. 
Dawson joined BNL’s Physics department 
in 1986 after earning a BS in physics and 
mathematics from Duke University in 1977, 
a PhD in Physics from Harvard University in 
1981, as well as postdoctoral positions at 
Fermilab and Lawrence Berkeley National 
Laboratory.  After arriving at Brookhaven Lab, 
Sally rose through the ranks, leading the High 

muri meeting

Sternheim Lecturer: Sally Dawson
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Energy Theory Group from 1998 to 2004 and 
the Physics Department as chair from 2005 to 
2007 before returning to research in 2008. She 
has also been an adjunct professor at Stony 
Brook University’s Yang Institute for Theoretical 
Physics since 2001. Additional honors include 
being named a fellow of the American Physical 
Society in 1995 and the American Association 
for the Advancement of Science in 2006, the 
J.J. Sakurai Prize in 2016, and the Julian Wess 
Award in 2019.

Dr. Dawson’s talk was entitled, “Particle Physics 
at the Crossroads,” emphasizing the importance 
of the 2012 discovery of the Higgs boson at 
the CERN Large Hadron Collider (LHC) but 
also pointing out a list of significant remaining 
problems.  The Higgs was the last of the 
fundamental building blocks of the standard 
model to be detected, and it is tempting to 
conclude that all is now understood.  That is 
hardly the case.  It is now necessary to verify 
that the interactions and many decay channels 
of the Higgs are in agreement with the 
standard model predictions, which will require 
much additional high statistics data from the 
LHC.  Additional issues include the question 
of whether understanding the ~125 GeV 
Higgs mass requires a fine tuning of standard 
model parameters and whether the Higgs is 
a fundamental elementary particle or is some 
sort of composite system.  One way to avoid the 
fine-tuning issue is to assume the existence of 
supersymmetry, wherein fermions and bosons 
mix under symmetry transformations.  However, 
no experimental evidence for this proposed 
scenario has yet been observed.  Another 
possible way to resolve some of these issues 
is, if there exist more than four dimensions, 
with the “extra” dimensions being rolled up and 
unobserved.  The only way to answer many of 
these questions will be by accumulating much 
additional data about Higgs interactions at an 
upgraded LHC, a program that will take 
many years.

Sternheim Lecturer: Sally Dawson cont.
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Kareem Mohamed-Aly
Hertel’s Lab:  Helium Dark Matter experiment. 
Surface Chemistry interactions
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Kareem Mohamed-Aly
Hertel’s Lab:  Helium Dark Matter experiment. 
Surface Chemistry interactions

(L. To R.) Alysea Kim & Ben Feinland
Dave Kawall’s lab FNAL g-2 experiment

(L. to R.) Prof. Andrea Pocar, Sara Feyzbekhsh, Michelle Wellman, Winnie Wang, Rishika Kumar
nEXO simulation
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1999 graduates

Case, James A.
Chen Dansong
Finley, Paul T
Gabor, Otilia
Kaestle, Gerd – no picture
Kielhorn, Lars

Mayhew, Laurel – no picture
Miller, Daniel
Mondescu, Radu
Petera, Dirk PhD – no picture
Straka, Christian
Venugopal, Eswara

PhD
MS
PhD
MS
MS
PhD

PhD
MS
PhD
PhD
MS
PhD

16



D
E

P
A

R
T

M
E

N
T

 O
F

 P
H

Y
S

IC
S

  |  U
N

IV
E

R
S

IT
Y

 O
F

 M
A

S
S

A
C

H
U

S
E

T
T

S
 A

M
H

E
R

S
T

t
e

a
c

h
in

g

New Graduate Students September 2019

Front row (L to R):
Kerry O’Brien, Bela Nelson, Beatrice Lunsford-Poe, Shruti Shirol, Mollie Pleau, 

Yating Zhang, Zhongjin Zhang

Back row (L to R):
Yue Ma, Sean van Geldern, Sebastian Rauch, August Miller, Christopher Oville, 

Hansveer Singh, Shrohan Mohapatra, Tyler Martell, Claude Raffin, Geunwoong Jeon

Missing from the picture:
Abdullah Alfaifi, Baotao Fan, Lennart Kai Roever, Zakaria Siddiquee
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New Professional Development Course for Physics Majors

Professor Heath Hatch has piloted a new 
course in spring 2020, Physics 397P, aimed 
at better preparing our majors to step out 
into the professional world.  Engineering 
majors have job fairs, which bring in lots of 
companies looking to hire engineers.  While 
there are many different types of positions 
out there for physics majors, they often need 
to be more pro-active with their job search 
strategies.  Even if a student wants to pursue 
a higher degree, there are many possibilities 
that can be considered in addition to the 
traditional route to graduate school in physics.

This new course grew out of an earlier version 
aimed at graduate students and co-taught in the 
fall by Hatch along with Professors Shubha Tewari 
and Narayanan Menon.   The graduate class took 
a broad approach towards skills for success in 
both students’ grad school years and beyond.  
Topics for weekly sessions included professional  
ethics;  basics of how a research group works; 
mentoring techniques, building teaching skills; 
and very importantly, time management.
  
Physics 397P also takes a broad approach but 
is focused more particularly on discussions 
of career paths for physics, job search know-
how, and also on cultivating a range of valuable 
skills for both the workplace and life beyond 
college.  Roughly half the class time was spent 
talking through career paths that physics 
students navigate, and focusing on careers 
that physics majors pursue straight out of the 
bachelor’s degree.  This included common 
types of jobs, such as in engineering disciplines 
and in the fields of coding and data analytics. 
The class also explored less obvious paths 
such as aviation, jobs in the energy sector, 
medical fields, and in weather/climate science.  

Students discussed a variety of options for 
professional and graduate school programs 
besides physics, such as law school, geophysics, 
business and medical school. Students explored 
career trajectories, thinking about what a 
physics major might expect heading down one 

of these paths. Finally, there was discussion 
about the traditional path of graduate school 
in physics and how this can lead to a large 
variety of fulfilling careers, including but by 
no means limited to staying in academics.

The class devoted time working on job search 
elements such as resumes and cover letters.  
Hatch also emphasized helping students figure 
out what kind of careers and the areas of work  
match more closely with their personal desires, 
skills and values. The focus was not on just 
finding a job but also on finding a fulfilling career. 

Professional development-oriented sessions 
focused on skills and characteristics for 
becoming a successful professional in all areas 
and walks of life.  Some topics for discussion 
were contrasting fixed vs. growth mindsets, 
time management skills, and, importantly, the 
“principle of independence.”  This is the idea 
that an individual can act for themselves or they 
can wait to be acted on by some other agent.  
The more one acts, the more one’s ability to act 
increases. Conversely, the more one is acted 
upon, the less they are able to act for themselves.

The course also stressed the importance of 
reading and writing skills in the professional 
world, not just with regard to resumes and cover 
letters, but helping students appreciate how 
reading and writing are integral to every career 
and strategies to improve both of those skills. 

Money matters were another major topic; 
helping students build an understanding 
of financial models, for example: science 
research, both small and large businesses, 
wages/negotiation, debt management, 
business and personal budgeting, 
investments and planning for retirement.

Finally, since Professor Hatch is also an 
attorney, the course included discussion 
of the legal structure in the U.S., including 
intellectual property law, such as patents and 
copyrights, export control laws and contracts.
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ilab pictures

(L to R)
Kay Bros, 

Justin Roberts, 
Alex Gekow

(L to R) 
Cole Ellsworth

Makala MacLean
Ojaswin Karthikeyan

(L to R) 
Sebastian Cameros

Vambow Fan
Shashank Jayakumar
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Physics for Life Sciences

The 2019-2020 academic year saw new strides 
for the Introductory Physics for Life Sciences 
teaching team, the group of faculty responsible 
for teaching the several hundred students who 
pass through physics 131 and 132 each year. 
Heath Hatch and Guy Blaylock developed a 
new poster-session style method for the 131 
students to share and get feedback on their 
laboratory work. “The students were really 
invested in doing quality work knowing that 
they would be sharing with their peers,” said 
Hatch, “and this investment really showed in 
the caliber of their work, as well as their energy 
during the session.” Owing to the success and 
continued enrollment increases in the online 
versions of 131 and 132, Chris Ertl moved to a 
new position which will allow him to leverage his 
experience and focus full-time on expanding the 
department’s online offerings. Paul Bourgeois 
and David Nguyen continued to reform the 
physics 132 labs, converting them to focus on 
data analysis skills. This skill-based focus is now 
being incorporated into other introductory lab 
courses within the department. Meanwhile, 

Brokk Toggerson continues to focus on physics 
132, developing a large-lecture-hall version of 
the team-based learning pedagogy which has 
been so successful in physics 131. Toggerson 
has also continued to work on his two multi-
modal open textbooks, integrating an open 
homework system into each book which will cut 
the cost-to-students almost in half.

All these efforts are demonstrably bearing 
fruit. A research article submitted to Physical 
Review – Physics Education Research, shows 
that the physics 131 environment results in an 
increase in student physics self-efficacy, that 
is, the students’ own beliefs in their ability to 
learn and do physics. This article, authored 
by Toggerson with graduate student Sam 
Krishnamurthy, undergraduate Emily Hansen, 
and alumna Chasya Church, shows particular 
gains in self-efficacy for women and that these 
gains are strong predictors of success in the 
course. This is in contrast to more traditional 
lecture courses, for which the literature reports 
decreases in student self-efficacy.

On July 1, 2019, the STEM Education Institute 
acquired a new Director, Shubha Tewari, after 
the retirement of founder-director Morton 
Sternheim, Professor Emeritus of Physics. 

Mort first established the Science, Technology, 
Engineering and Mathematics Education (STEM 
Ed) Institute in 1995 as a natural outgrowth of 
his efforts to provide professional development 
opportunities to K-12 educators. In the last 25 
years, and as the holder of more than $6M in 
grant money, the STEM Ed Institute, under 
Mort’s directorship, continued to grow and 
foster connections between teachers and 
the University research community.  Starting 
with its first initiative in 1986, to provide an 

electronic bulletin board, and later an internet 
community for school teachers, the STEM Ed 
Institute has hosted educational workshops 
and summer schools, provided support for a 
number of faculty-led initiatives that received 
external funding, and organized a weekly 
seminar bringing together groups of people 
interested in STEM education.  For his efforts, 
Mort received a number of honors, including the 
UMass Chancellor’s medal in 1998, the Science 
Educator of the Year for Hampshire County 
in 1994, and the National Science Teachers 
Association Award for Distinguished Service to 
Science Education in 2017. 

Under the direction of Shubha Tewari, the STEM 
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Ed Institute will continue many of its current 
initiatives, and forge new partnerships and 
directions. The current activities are as follows:

Science and Engineering Saturday Seminars: 
Four-hour workshops held on Saturdays 
that give University faculty and students 
an opportunity to communicate some of 
their research innovations to K-12 teachers. 
This helps school teachers stay up to date 
with research advances, and helps faculty 
fulfil the broader impact missions of 
their research grants. Attendees receive 
3 graduate credits if they attend all the 
seminars and present a lesson plan based on 
learned content; others receive professional 
development points, necessary to maintain 
their certification to teach. In spring 2020, 
Tony Dinsmore will lead a workshop on 
Arduinos, and Physics grad students Daria 
Atkinson, Mary Elizabeth Lee, and Michelle 
Berry will lead another on knitting as a tool 
to teach STEM concepts.

Summer workshops for school teachers:  
The current series, titled “Patterns Around 
Us” is funded by Physics Prof. Benny 
Davidovitch’s NSF grant, and is taught by 
two teachers, Jennifer Welborn and Wayne 
Kermenski, along with physics faculty Benny 
Davidovitch and Narayanan Menon.

Weekly seminars for the broader community 
interested in pedagogy and teaching 
innovations in the classroom.

Brainstorming ideas and assisting faculty in 
finding ways to incorporate broader impact 
activities into their grant proposals. Assistant 
Professor of Chemical Engineering Peter 
Beltramo will offer a Saturday seminar in 
Spring 2020 based on one such interaction.

As part of the transition, the STEM Ed Institute 
has moved from being overseen by the Dean of 
the Graduate School to being under the aegis 
of the College of Natural Sciences. With some 

investment from CNS, and additional external 
funding, it will continue to provide a forum 
through which researchers, educators and 
students can forge deeper, mutually 
beneficial connections.

STEM-education seminar: teaching students 
at all levels how to phrase effective science 
questions and answer them with original data 

The STEM-Ed Institute has long been a leader in 
aiding UMass  efforts to improve STEM education 
at all levels. (More information may be found 
at https://scholarworks.umass.edu/stem/.) As 
part of its mission, the Institute holds an annual 
series called, “Science and Engineering Saturday 
Seminars,” in which K-12 teachers enroll for 
graduate course credit. This January, Tony 
Dinsmore led a seminar on the topic, “Arduino 
Microcontrollers in the Classroom: teaching how 
to phrase effective science questions and how 
to answer them with original data.” The Arduino 
is an inexpensive microcontroller that provides 
a simple way to connect a laptop computer 
with a huge variety of inexpensive but capable 
sensors. These technologies create a new 
opportunity for students to define their own 
science question, set up a device (controlled by 
the Arduino) to collect data, and then answer the 
question. During the 4-hour workshop, more 
than twenty attending teachers set up Arduinos 
devices, discussed the qualities that define an 
effective science question, and explored ideas 
for projects they could use in their classrooms. 
The seminar was based on a new course for 
first-year physics majors at UMass that Tony 
developed, which takes students through these 
steps. For many students, such a course provides 
a first experience working with the hardware-
software interface, designing algorithms,  
and programming.
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summer patterns workshop
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“Science may be described as the attempt to 
give good accounts of the patterns in nature. 
The result of scientific investigation is an 
understanding of natural processes.... Overall, 
the key criterion of science is that it provides a 
clear, rational, and succinct account of a pattern 
in nature....” 

The above sentence, defined as a key motif in the 
Massachusetts State Frameworks for Science 
and Technology, motivated the development 
of a 2-day workshop for science teachers by 
Faculty Benny Davidovitch and Narayanan 
Menon, in collaboration with UMass STEM-
ED faculty (Morton Sternheim and Shubha 

Tewari) and science teachers (Jennifer Welborn 
from Amherst Regional Middle School and 
Wayne Kermenski from Hawlemont Regional 
School). The Frameworks approach provides 
teachers and students with clear and shared 
expectations for what all students should know 
and be able to do in science. Funded by NSF-
DMR grants every alternating year since 2013, 
each workshop has been attended by 10-12 
participants. The program includes table-
top experiments on branching and wrinkling 
phenomena in biology and materials, along 
with data analysis sessions, highlighting critical 
thinking and physical concepts such as scaling 
laws and dimensional reasoning.

The Science Outreach Club had a busy year, with a number of outings to area classrooms in schools 
ranging from elementary to middle school. The actual students who do these activities vary from 
one session to the next, depending on time availability - the organization is done through online 
signups, and the leadership of the club has figured out how to operate smoothly, with evening 
practice sessions for upcoming events. 

o u t r e a c h

Science Outreach Club Activities
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The Outreach Club was also involved in a 
number of special events. A group of about 
20 students along with Physics faculty Guy 
Blaylock and Shubha Tewari took part, for the 
second year in a row, in the Big Bang Science 
Fair on Sept 28, 2019, part of the city-wide 
WaterFire festival in Providence, RI. WaterFire 
Providence® is an independent, 501(c)3 non-
profit arts organization founded to revitalize 
the urban experience, fostering community 
engagement and being creatively transforming. 
The rivers through Providence are lit with 
controlled fires on barges as a backdrop to the 
cultural events.

There were 3 tables of activities: optics, soft 
matter, and granular materials, and the group 
had barely enough time to unload, when people 
started showing up. The students were on show 
from 3 to 9 pm, and the organizers said later 
that the UMass Physics booth was one of the 
biggest hits of the evening. 

October 2019 was also a busy month - there was 
an event at a fundraiser for the new Hannah 

Frilot scholarship fund (named for a UMass 
student who was tragically killed in an accident), 
and linked events at the Jones Library and the 
Fine Arts Center, in connection with Dino Light, a 
Center Series program for children. The month 
ended with the Outreach Club helping Physics 
faculty Narayanan Menon and Guy Blaylock, 
running demonstrations at the CNS Science 
showcase on Homecoming Weekend.
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faculty Awards

prof vasseur – Sloan fellowship

Prof. Romain Vasseur was awarded a prestigious 
Sloan fellowship, which recognizes early career 
scholars whose achievements mark them as 
among the most promising researchers in their 
fields. Nominated by their fellow scientists, 
each winner, who receives a two-year, $70,000 

fellowship, is selected 
by independent panels 
of senior scholars 
on the basis of the 
candidate’s research 
a c c o m p l i s h m e n t s , 
creativity and potential 
to become a leader in 
his or her field.  

Vasseur states, “I feel honored to receive this 
prestigious award for my research in quantum 
statistical physics and condensed matter theory. 
I intend to use this award to continue exploring 
the rich behavior of many-body quantum 
systems far from thermal equilibrium. Exciting 
new frontiers have emerged over the past few 
years in the field of non-equilibrium quantum 
states of matter, and this Sloan fellowship will 
give me a great opportunity to explore new 
ideas in this broad direction. ”

Department head Narayanan Menon says, 
“Romain is a leader in his generation of 
quantum condensed-matter theorists, and has 
already made a mark in understanding the 
role of criticality, disorder and topology in non-
equilibrium quantum systems.”

prof dismore – advising award

Professor Tony Dinsmore was awarded the 
College of Natural Sciences Distinguished 
Advising Award in the spring of 2019.  This is 
a college-wide award, open to all who offer 
advising help to students in the college.  Tony 

was lauded for his outstanding efforts as an 
academic advisor and his outstanding service 
toward advising as our Undergraduate Program 
Director and Chief Undergraduate Advisor 
(for a span of five years).  In his roles, Tony 
brought together the several faculty advisors 
in the department, solicited best practices and 
crafted an advising manual.  This document 
serves advisors well repeatedly through an 
academic year and is invaluable to faculty who 
rotate into advising roles for a given cohort of 
physics majors.  He also was instrumental in 
the organization of a seminar series that brings 
alumni to campus to talk about “Physics in 
Industry” and their career paths.  In addition, 
he has been involved with our efforts to 
advise our undergraduates about pathways to 
graduate school.  As one might expect, Tony is 
a master of the various academic regulations 
and knows how to help students who have 
difficulty navigating them. On top of all this he 
advises those students who, for one reason 
or another, are on a non-standard trajectory 
though the major. We are honored to that Tony 
has received this well-deserved award.

prof hertel – Early Career Research 

Assistant Professor Scott Hertel has received a 
prestigious Early Career Research Award from 
the Department of Energy.  According to the 
DOE, The Early Career Program is designed 
“to bolster the nation’s scientific workforce by 
providing support to exceptional researchers 
during the crucial early career years, when 
many scientists do their most formative 
work”.  The award to Prof. Hertel, for a period 
of five years, will fund research that includes 
the development of a new class of detectors 
targeting low-mass dark matter particles (see 
the Front Page article on dark matter research).
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prof Stéphane Willocq Named 2020 
UMass Amherst Spotlight Scholar

UMass particle 
physicist Stéphane 
Willocq has been 
interested in big-
picture science since 
he was a teenager. As 
the Deputy Physics 
Coordinator of the 
ATLAS experiment at 
CERN (the European 

Organization for Nuclear Research) in Geneva, 
Switzerland, Willocq’s work on the very small 
leads toward revolutionary breakthroughs in 
science, the search for new phenomena, and his 
involvement in the largest physics collaboration 
in the world.  CERN is home to the Large Hadron 
Collider, the world’s largest and most powerful 
particle accelerator. The ATLAS experiment, 
comprising over 3,000 scientists world-wide, 
uses the collider to smash high-energy particle 
beams together at nearly the speed of light. 
The collisions produce new particles whose 
behavior can be recorded and measured.

Revolutionary Discoveries: Muons, Dark 
Matter and the Higgs Boson

Willocq has been working on different aspects 
of the ATLAS experiment full time since 2004. 
“Initially I was working on primarily developing 
software to reconstruct the trajectories of 
particles that are called muons – these muons 
are basically heavy electrons. They behave very 
much like an electron except for the fact that 
they are about 200 times heavier. They are quite 
important to the experiment because many of 
the new phenomena that we are studying or 
that we are looking for give rise to high energy 
muons in the detector. They produce rather 
striking signatures in the experiment that very 
often indicate the presence of some interesting 
event,” says Willocq.

 “We know through astrophysical observations 
that the universe is made up not just of 
standard matter but also of dark matter. This 
is the massive matter that does not shine, 
does not emit electromagnetic radiation. Dark 
matter is about five times more abundant than 
regular matter, but we don’t know what it is,” 
states Willocq.  Understanding dark matter is 
one of the motivations for a program at ATLAS 
searching for new phenomena, referred to as 
‘physics beyond the standard model.’ “This is 
physics which is not predicted by our current 
theory but would explain or provide, for 
example, a particle candidate for dark matter, 
which is a big puzzle.,” says Willocq.

“Understanding the particle called the Higgs 
boson is another aspect of what we are chasing 
after right now. Finding evidence for the Higgs 
boson in 2012 is the ATLAS experiment’s highest 
achievement to date. Sometimes referred to as 
the ‘God particle,’ the Higgs boson is unique 
in that physicists believe it to be responsible 
for giving other particles their mass. Willocq 
asserts “This is one of the last missing pieces 
of the theoretical understanding we have of 
particle physics. The Higgs boson is thus in a 
class of itself.” 

Finding evidence for the Higgs boson has 
raised new questions as well. Perhaps the 
most puzzling of these is that the Higgs particle 
has a much lower mass than what physicists 
expected based on current theoretical 
understanding. “It is still a very heavy particle, 
which is why it could not have been discovered 
in previous experiments. It required a very 
large particle accelerator to produce collisions 
at sufficiently high energy to produce it. But 
nevertheless, theoretical understanding would 
have predicted the mass to be many orders 
of magnitude higher than the mass we have 
discovered it has. This is a huge puzzle in our 
theoretical understanding because in order to 
accommodate the relative lightness of the Higgs 
boson, we need to invoke some new physical 
principle which is yet unknown.” states Willocq.
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Revolutionary Aspects

Willocq says the primary purpose of the ATLAS 
experiment is to prove the current theory of 
fundamental physics wrong. “We are searching 
for evidence that supports a new paradigm for 
the most fundamental physics. That may involve 
new types of interactions or new symmetry 
principles. There is this idea of supersymmetry 
– to every particle there is a super symmetric 
partner that differs by a half unit of spin and 
that’s one of the contender theories to explain 
why the Higgs boson is so light. It also might 
explain the existence of dark matter,” asserts 
Willocq. Another intriguing possibility is that the 
Higgs boson itself may provide a portal between 
known matter and a hidden sector of yet-to-be-
discovered dark matter particles.

What’s Next

The ATLAS experiment is in the process of 
preparing a major upgrade of the detector 
for the next phase of the accelerator called 
the High Luminosity Large Hadron Collider. 
Set to conclude later in the decade, the 
project will replace many components of the 
detector.  Willocq and four other faculty on 
the UMass Amherst campus (Ben Brau, Carlo 
Dallapiccola, Raphael Coelho Lopes de Sa, and 
Verena Martinez Outschoorn) are working on 
components that are critical to the upgrade.

“The UMass group is involved in two projects 
specifically for the upgraded detector. One 
is the inner tracker and the other is the new 
muon trigger system. The inner tracker is the 
component of the detector which is closest to 
the proton-proton collision point which we use 
to measure the trajectories of charged particles. 
We are playing a significant role in developing 

this new inner tracker as well as in the trigger 
system for muons,” Willocq says.

“We have accomplished a lot with the 
experiment in the last 10 years,” states Willocq. 
“The Higgs boson discovery is an important 
part, but that is not the only thing. We have 
made a lot of very precise measurements that 
have tested our theoretical understanding to 
new levels.  We have done a lot of searches for 
new phenomena that have strongly constrained 
the possibilities of what kinds of new theories 
might be possible. But there are still very 
many unanswered puzzles to address. That is 
something we will continue working on for the 
rest of the experiment which is probably for 
another 15-20 years.”

In addition to his research, Willocq was elected 
to several leadership positions on the ATLAS 
experiment. He was the publications committee 
chair during 2016-2018, and later in 2020 he will 
move from Deputy to Lead Physics Coordinator. 
“We have a big structure of people with different 
leadership roles for all of the different aspects 
of the data analysis,” he says. “My job is to 
make sure all of the components of the project 
work together, to organize all the data analysis 
activities, some aspects of the software, and 
detector simulation work that has to be done 
so that we can model the response of the 
detector to known standard model processes 
and reactions as well as new phenomena.”

Stéphane Willocq is also a Fellow of the 
American Physical Society, a distinct honor that 
recognizes individuals for advances in physics 
made through their original research and 
reported via publications.

Based on text by Karen J. Hayes ‘85
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Shuang Zhou wins Glenn Brown Prize

Shuang Zhou, who joined the Physics faculty 
at UMass in 2018, received the Glenn Brown 
award at the International Liquid Crystal 
Society at its biennial meeting in 2018.  The 
Glenn Brown Prize honors excellence in 
doctoral research results and encourages 
“effective written and oral presentations” of the 
same. Professor Zhou received the prize “For 
his outstanding research on the viscoelastic 
properties of lyotropic chromonic liquid 
crystals showing many interesting features of a 
new class of active matter. His most important 
accomplishment was the discovery of a 
remarkable biomechanical material composed 
of swimming bacteria suspended in a water-
soluble non-toxic liquid crystal, termed a living 
liquid crystal.”

atkinson – student APS REP

Daria Atkinson, a 5th year PhD student, jointly 
advised by Greg Grason from the Polymer 
Science Department and physics faculty 
member Christian Santangelo, was appointed 
student representative to the American Physical 
Society’s Division of Soft Matter. In this role, she 
is chairing the new Student Affairs Committee 
and hopes to support early career soft matter 
physicists while advocating for diversity and 
inclusivity in the field.

Mary Elizabeth Lee – NSF Fellowship

Mary Elizabeth Lee, a second-year PhD student 
advised by Chris Santangelo, received a 
fellowship from the National Science Foundation 
Graduate Research Fellowship Program (NSF 
GRFP). These Fellowships are one of the most 
prestigious awards available to graduate 
students and are given to high-potential, 
early career researchers across STEM fields to 
support their doctoral and master’s training. 
The GRFP award grants an annual stipend, 
tuition and fees for three years. These awards 

are highly competitive, and Mary Elizabeth was 
among the 2,000 awardees from a pool of over 
12,000 applicants. GRFP selections are made 
based on research and personal statements 
and reward both research merit and broader 
community impacts. Mary Elizabeth’s research 
implements tools of discrete geometry and 
nonlinear dynamics to explore bifurcation 
phenomena in the configuration spaces of self-
folding origami.

Student Awards

Graduate Student Awards

DANDAMUDI RAO SCHOLARSHIP

Sarali Zuraw-Weston

KANDULA SASTRY GRADUATE THESIS AWARD

Kun Chen

QUINTON TEACHING ASSISTANT AWARD

Samyukta Krishnamurthy
Brendan Sheehan

undergraduate Awards

EDWARD S. CHANG AWARD FOR 
UNDERGRADUATE
RESEARCH

Tom Shneer
Ben Reggio
Trevor Nelson

LEROY F. COOK  JR. MEMORIAL 
SCHOLARSHIP

Anwesha Saha
Justin Roberts
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MORTON AND HELEN STERNHEIM AWARD 
IN PHYSICS

Emily Hansen

HASBROUCK SCHOLARSHIP AWARD

Jack Mirabito
Ian Murphy

KANDULA SASTRY UNDERGRAD AWARD

Amy Ralston

RICHARD KOFLER’S CLASS OF 1976-1977 
SCHOLARSHIP

Faizah Siddique

JOSEPH & IDA SIMENAS SCHOLARSHIP

Thomas Connolly

student Award descriptions

Graduate Student Awards

DANDAMUDI RAO SCHOLARSHIP

Presented to a Physics graduate student
pursuing research in Biological Physics or a
closely related area. Founded in memory of
Kandula Sastry.

KANDULA SASTRY GRADUATE THESIS 
AWARD

Awarded to a graduate student selected for
presenting an outstanding thesis.

QUINTON T.A. AWARD

Awarded to an outstanding Teaching
Assistant.

Undergraduate Awards

EDWARD S. CHANG AWARD FOR 
UNDERGRADUATE
RESEARCH

Awarded to two undergraduate physics
majors for partial support of their summer
research, based on outstanding research
proposals.

LEROY F. COOK, JR. MEMORIAL 
SCHOLARSHIP

Presented to a Physics major for academic
excellence, with a preference for students
who have contributed to teaching, outreach,
or community related activities.

MORT AND HELEN STERNHEIM AWARD
IN PHYSICS

For excellence in educational outreach and/
or teacher preparation.

HASBROUCK SCHOLARSHIP AWARD

Presented to a current junior for academic
excellence to encourage and assist Physics
students in a science essential to the national
welfare. Student must be in residence for
his/her senior year.

KANDULA SASTRY UNDERGRAD AWARD

Awarded to the outstanding undergraduate
student in the Physics department.

RICHARD KOFLER’ S CLASS OF 1976-1977
SCHOLARSHIP

Awarded to a Physics major in good academic
standing and pursuing a career in Physics.

IDA AND JOSEPH SIMENAS SCHOLARSHIP

awards
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Awarded to an undergraduate physics major
for academic excellence.

WILLIAM F. FIELD ALUMNI SCHOLAR AWARD

Awarded by the UMass Amherst Alumni
Association to a third-year student to honor
their academic achievements at UMass
Amherst.

college/university Awards

WILLIAM F. FIELD ALUMNI SCHOLAR AWARD

Jack Mirabito
Kenneth Lin

DISTINGUISHED TEACHING AWARD
Javier Lopes Piqueres

college/university 
Award descriptions

WILLIAM F. FIELD ALUMNI SCHOLAR AWARD

Awarded by the UMass Amherst Alumni
Association to a third-year student to honor
their academic achievements at UMass
Amherst.

DISTINGUISHED TEACHING AWARD

Awarded to a graduate student nominated by
their peers. The DT A honors exemplary
teaching at the highest institutional level. This
is a highly competitive and prestigious
campus-wide award. The DT A has been
honoring select students at UMass Amherst
for over 30 years.
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Gerry Peterson  (1931 – 2020)

Emeritus Professor Gerald (Gerry) Peterson 
passed away peacefully on Tuesday, April 21, 
2020, at the age of 89, with his wife Doris at his 
side.  A child of the Great Depression, Gerry 
grew up in Chesterton, Indiana, in a small house 
with no running water.   Boy Scouts were a very 
important part of his life growing up, and he 
attained the rank of Eagle Scout.  In high school 
Gerry was co-winner of the Science Talent 
Search for the state of Indiana, and he received 
an Exceptional Achievement Scholarship to 
attend Purdue University with all expenses paid. 
Only two high school seniors, a boy and a girl, 
were selected for this honor from the state of 
Indiana.  He received his BS in Physics in 1953, 
and his MS degree in 1955. After graduation, 
Gerry enlisted in the Army, serving from 1955 
to 1957 as a Physicist at the Army Chemical 
Center, Edgewood, Maryland. Gerry’s team 
was deployed to the Pacific Nuclear Proving 
Grounds, Eniwetok, Bikini Atoll, for hydrogen 
bomb testing (Operation Redwing). He also 
participated in tests at the Nevada Nuclear 
Test Site. 

After leaving the service, Gerry entered the 
graduate program at Stanford University, 
receiving his PhD in 1962.  He worked in the 
High Energy Physics laboratory under Bob 
Hofstadter’s leadership, which was developing 
electron scattering as a tool to measure proton 
and nuclear charge densities and magnetic 
currents.  While at Stanford, Gerry and his PhD 
supervisor, Carl Barber, essentially invented 
the technique of backward angle electron 
scattering to measure magnetic scattering, 
an innovation that Gerry pursued with great 
success later in his career.   After graduation, 
Gerry accepted a position at Yale University, 
first as Research Associate and Lecturer, then 
as Assistant Professor. In 1968 Gerry came 
to UMass Amherst as Associate Professor of 
Physics, spending the rest of his academic 
career at UMass.  

Gerry was one of the world’s leading authorities 
in the use of electron scattering to measure 
properties of the nucleon and nucleus, 
collaborating with laboratories, scholars 
and students from around the world.  His 
research group conducted the majority of their 
experiments at the Bates Linear Accelerator 
Center (MIT), where he constructed a 180 degree 
electron scattering facility, and at the Stanford 
Linear Accelerator Center (SLAC). In the mid-
1980’s, a ranking by the U.S. Department of 
Energy placed the UMass group among the top 
nuclear physics user groups in the nation. Later 
in his career, Gerry was a strong advocate for, 
and active collaborator in the nuclear physics 
program at SLAC. Data from the SLAC program 
strongly influenced the physics program that 
emerged many years later at the new national 
laboratory for nuclear physics, Jefferson Lab. 
Gerry was an author on over 200 research 
publications in the fields of electron scattering 
and nuclear structure, and was a Fellow of the 
American Physical Society. 

On retirement in 2000, Gerry continued to 
actively participate in university and physics 
department activities as Emeritus Professor 
of Physics, and was chief editor for the yearly 
physics departmental newsletter until 2017.  
In addition to Doris, Gerry leaves two sons 
and one daughter, Curt and wife Ruth of 
Bellevue, Washington, Thomas of Leverett, 
Massachusetts, and Anna Beth Peterson of 
Glacier, Washington, and five grandchildren. 
Because of the Covid-19 epidemic, there were 
no services at the time of Gerry’s death.

in memoriam
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Jun Yan, who joined the UMass faculty as an Assistant 
Professor in 2012, was granted tenure and was promoted to 
Associate Professor effective September 1, 2019. His research 
focuses on the optoelectronic properties of materials that are 
atomically thin such as graphene and tungsten diselenide.  
Jun grows samples of these “two-dimensional” materials and 
performs innovative optical and electronic measurements 
of their properties at low temperatures and high magnetic 
fields.   These materials could be the basis for future 
technologies such as detectors of THz electromagnetic waves 
and “spintronic” computer chips, which helps to explain a 
national research focus on such materials.

Andrea Pocar has been promoted to Full Professor of Physics. 
Andrea’s group works on three different experiments focusing 
on different aspects of neutrino and dark matter physics: 
Borexino, nEXO and DarkSide.  The Borexino experiment 
detects neutrinos produced by nuclear reactions taking 
place at the center of the Sun, while the nEXO experiment 
searches for rare decays of nuclei which emit a pair of 
electrons but no neutrinos (neutrinoless double beta decay) 
in an experiment deep underground to get information on 
the character of neutrino mass.  The DarkSide experiment 
is a search for possible dark-matter particles called WIMPs 
(weakly interacting massive particles).

alumni news

Frederic H Fahey, BS 1974, MS, DSc, FAAPM 

Fred has been a member of AAPM (American Association of Physicists in Medicine) for over 30 
years and served in various capacities, including president of two different AAPM chapters, the 
AAPM Board of Directors representative for the New England Chapter, and vice chair of the AAPM 
Administration Council.  He also served in other professional organizations, most notably as 
the only medical physicist in the past 20 years to serve as president of the Society of Nuclear 
Medicine and Molecular Imaging (SNMMI), a society of mostly physicians. His present position is 
the director of Nuclear Medicine/PET Physics, Boston Children’s Hospital, Boston, MA, coupled 
with being a Professor of Radiology, Harvard Medical School, Boston, MA. His education started 
in our department with a BS, Physics, 1974, followed with an MS 1979 and DSc 1986, in Medical 
Radiological Physics, Harvard School of Public Health, Boston, MA, and subsequently with 
certifications from the American Board of Radiology (ABR), Medical Nuclear Physics, 1994. His 
mantra toward his profession, a multidisciplinary approach, is “to celebrate and capitalize upon 
different viewpoints while fostering multi-disciplinary collaboration; for example, nuclear and 
therapeutic medical physicists working together on targeted radionuclide therapy.”  

(Continued on following page)
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alumni news

Fred has compiled a list of numerous Honors 
and academic distinctions, including the Royal 
Canadian SNM, in the Diagnostic Imaging/
Nuclear Medicine Medical Physics Residency 
Program, 4 masters students in medical 
physics, and a thesis committee member of 9 
PhD students.

He states that he is a UMass alum and very 
proud of it! A huge influence on where he 
ended up was the professor teaching freshman 
Physics 141, Kandula Sastry.  As a senior, he took 
an elective course from him entitled, Physics in 
Medicine and Biology, where he did a project on 
positron emission tomography (PET scanning), 
which led him to work in nuclear medicine and 
PET scanning today. Fred holds Sastry’s memory 
fondly in his heart!
Fred has offered to make the drive out to 
Amherst to give a talk to the department.  A 
couple of years ago, he was invited to return 
to Amherst and participate in the pre-health 
(medicine/dental/nursing) dinner and found 
that it was really fun! 

Michael Ray

I defended my PhD thesis in September of 2010 
where I worked with Bob Hallock on the search 
for superfluid behavior in solid helium (the so-
called supersolid). Four moves, and four kids, 
later I am now a tenure-track Assistant Professor 
in the department of Physics and Astronomy at 
California State University, Sacramento.

After defending 
my thesis, the 
first move 
brought myself, 
my wife and 
our newborn 
daughter to 
Berkeley where 
I worked with 
Richard Packard 
in developing 
his superfluid 

helium quantum interference device (SHeQuID). 
I spent just short time there, and after a year 
I returned to the Pioneer Valley to work with 
David Hall at Amherst College. In this position 
I got a crash course in AMO physics, and got to 
perform experiments dealing with topological 
phases in atomic Bose-Einstein Condensates. 
This included work on vortex dynamics, and 
experiments dealing with direct analogs of 
Dirac monopoles. With my work at Amherst I 
could say that I am one of the few people in the 
world who has observed superfluids in solid, 
liquids and gasses! 

More importantly, this position got me valuable 
experience working with undergraduates in an 
undergraduate only institution, which was the 
type of place I wanted to end up. After three 
years at Amherst College, I took a visiting 
position at Union College in Schenectady, NY, 
where I got valuable classroom experience. This 
led me to my current position in Sacramento 
where I have been for the past four years. In 
setting up my research program, I decided to 
return to my roots and build a low temperature 
lab that is exploring the possibility of controlling 
helium interactions in an effort to establish a 
new route to creating solid helium. In addition, 
I have been working on developing new 
measurement techniques for low temperature 
experiments.

I have been greatly enjoying my position in 
Sacramento. I get to teach many of the upper 
level lab-based courses such as the electronics 
lab, and the advanced lab courses as well as 
supervise, which means I get to develop new 
lab activities for students to do in these classes. 
I also supervise undergraduate students in my 
research lab, which I find incredibly fulfilling. 
Not to mention I am just an hour’s drive from 
some of the most beautiful scenery (and best 
skiing) in the world. None of this, of course, 
would have been possible without the guidance 
I received from the UMass Physics Faculty. 
Especially Bob, who continues to offer me his 
time to help me navigate academia. I am truly 
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grateful for my time at UMass, which has set me 
on this path through life.

Editor note: while the theoretically predicted 
“supersolid” has yet to be seen, Mike’s work 
helped to establish the presence of a superfluid 
flow through solid helium.

Ephraim Flint

Ephraim Flint (PhD ’74) did his thesis on 
superfluid film flow in Bob Hallock’s lab.  He was 
the first graduate from Bob Hallock’s research 
program.  It started with Bob showing him an 
empty lab in the basement of Hasbrouck and 
Bob’s notebook of ideas for a research program 
centered on low temperature condensed 
matter physics, including the properties of 
superfluid helium.  The thesis work in the end 
did not deal with the problem that was initially 
discussed, but rather studied the dissipation in 
superfluid film flow between two reservoirs of 
liquid helium.

After graduation Ephraim held two postdoctoral 
positions, the first at Stevens Institute of 
Technology under professor John Daunt and 

the second at the University of Florida under E. 
Dwight Adams, building millikelvin facilities to 
study liquid and solid 3He.  He then accepted a 
position in IBM’s Research Division at Yorktown 
Heights, NY, and later in two of IBM’s divisions 
where he worked on a number of projects over 
a period of almost twenty-five years.  The first 
was in IBM’s Josephson junction computer 
program, working on 4.2K refrigeration, thermal 
transport and micromechanical silicon based 
electronic packaging.  Other projects included 
electronic packaging for fiber optic data links, 
thermal transport for room temperature 
computers, developing radio links for in house 
data communications (pre-WiFi) and integrating 
antennas into IBM’s laptops.

Ephraim then joined a digital imaging start-up, 
SMaL Camera, in Cambridge, MA.  During the 
six years spent at SMaL Camera, he worked on 
packaging SMaL’s CMOS [Complementary Metal 
Oxide Semiconductor] image sensors being 
assembled in Taiwan.  Other responsibilities 
included the lenses used in the cameras and 
the development and manufacture of an 
automotive camera including issues with the 
integration of the camera into the car.  

Ephraim is currently at Draper Laboratory 
in Cambridge, MA, where he has been since 
2008.  The focus of the work, microelectronic 
packaging, is designing and building highly 
reliable, ultra-small electronic systems.  These 
systems are custom designed to meet the 
specific requirements of Draper’s sponsors.  But 
very much like the beginning of his graduate 
career, he was shown a room with bare walls 
and someone’s vision of what needed to be 
built so that the team assembled could execute 
according to Sponsor needs.

When Eph is not thinking about how to piece 
together electronic systems, he spends time 
with his wife, Nancy, and family and works the 
farm in Lincoln, MA, that he grew up on.  As 
much as he enjoys the farm work, he is thankful 
that farming is not his livelihood.
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The Department has continued the very successful "Physicists 
in Industry" seminar series, an initiative of the Massachusetts 
Center for Autonomous Materials (MassCAM). Recognizing that 
many of our majors pursue opportunities outside of academia 
rather than transitioning immediately to graduate school, 
the department with this initiative invites visitors, particularly 
alumni, who work in areas outside of academic physics to meet 
and interact with our current students. The format for this series 
is for the visitor to meet with students in small groups, followed 
by a public talk in order to describe the often-indirect career path 
that led to his or her current position. In the past year, we had 
visits from Kasem Edmond '05, who now works as a soft-matter 
researcher at ExxonMobil; Alexander Moschella '18, who works 
as an engineer at SRC Inc., and Olivia Comeau '18, now working 
in the Data Science Development Program at MassMutual.
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Physicists in Industry
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BS and BA Degrees

BS Degrees

Tanios Abi-Saad
John Blatchford*
Madeline Boyce

Samuel Clyne
Thomas Connolly

Reid Contente
Silvana Delgado Andrade

Francesco Drake
Cole Ellsworth (BA)

Albert Fabrizi
Baotao Fan

Benjamin Farrell 
Sebastian Gameros Corona

Yihan Gao
Alex Gekow

Alex Hargrove
Shashank Jayakumar
Ojaswin Karthikeyan

Jeremy Laprade (iCons)
Mingquan Li
Alex Locke

Liam McCarthy
Michael McCarthy

Brian Moniz
Nicholas Montagna*

Ian Murphy*
Trevor Nelson

Maija Lee Orlovsky Nagels
Andrew Palmer

Remberto Perlera-Vasquez 

Alexander Phillips
Amy Ralston

Adam Redfern
Justin Roberts*

Anwesha Saha* (iCons)
Liam Scanlon
Peter Shields 

Anushka Shrivastava
Zakaria Siddiquee

Bradley Smith
Zachary Gao Sun*
Evan Weidmann

* Honors capstone listed next below.

John Blatchford

Justin Roberts

Nicholas Montagna

Ian Murphy

Anwesha Saha

Zachary Gao Sun

Pocar

Tewari

Ross

Dinsmore

Dinsmore

Tuominen

“Characterization of Silicon Photomultipliers 
for the nEXO Neutrinoless Double-Beta Decay 
Experiment”

“Analyzing The Flow of a System of Spheres Using 
Shape-Anisotropic Particles”

“How Qdot Cargo Motility is Affected by Crowding 
Agents”

“Assembly and Growth of Nanoscale Sheets Based 
on Amphiphilic Molecules”

“Assembly and Function of Nanoscale Sheets in 
Suspension Based on Amphiphilic Molecules”

“Behavior of a Non-equilibrium Self-Organizing 
System: A Potential Means to Enhance Energy 
Efficiency with Functional Intelligence”

thesis title               advisoralum
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ms degrees

phd degrees

Wang, Dan
“Precise Control of 360 Degree Magnetic Domain Walls Formation and the Properties in 

Geometrically Confined Nanowires”
(Tuominen)

Xie, Wanting
”Extreme Dynamics of Nanomaterials under High-rate Mechanical Stimuli”

(Jae-Hwang Lee(MIE))

Adhikari, Sabin
“Thermodynamics of Polyelectrolyte Solutions and Polymer Crystallization”

(Muthukumar)

Lutz, Margaret
“Search for Displaced Hadronic Vertices in the ATLAS Inner DetectTeV at the LHCor and 

Muon Spectrometer in P-P Collisions at SQRT(S)=13 TeV at the LHC”
(Brau)

Dong, Freeman
Li, Haote

Chaban, Jonah
Sumon Sahu

Xu, MengqiMiryala Karthik
Gamari, Benjamin

Wang, Winnie
Miryala Karthik
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Homecoming for a university is a refreshing time to revisit those seemingly endless earlier days. 
The unifying spirit of Homecoming activities, academic, social, and competitive sports, over a span 
of one to four days can make those memories dearer.  On Saturday the 26th of October 2019, 
Chancellor Subbaswamy invited donors to an Appreciation Breakfast. 

Following welcoming remarks from the Vice Chancellor for Advancement, Eric Poehler, a member 
of the Classics Department, presented a talk on the Five Colleges blended learning and digital 
humanities program [http://digitalhumanities.umass.edu/] using photogrammetry, computer 
programs that transform a series of digital images into a precise three-dimensional model. Then, 
a very appreciative student spoke on her pursuit of a nursing degree through hardship, which 
reinforced the need for student financial help.  The thank you from the Chancellor to the attendees 
was punctuated by a section of the UMass Marching Band instructing the audience on the “Go, U” 
cheer.  The donors could choose to attend the gratis football game with complimentary parking 
or attend many events after the breakfast. 

Now, you can be invited and participate 
in the action! Just remember that when 
making your donation, to check that you are 
directing your gift to the Physics Department 
or specifically to any of the established 
named funds. [https://www.physics.umass.
edu/giving] 

In addition to the named funds, monies 
underwrite other activities, such as production 
and mailing of this Newsletter, Senior 
Celebration at commencement, and the 
Physics Community Organization graduate 
student group.  Of particular importance 
is maintenance of the Society of Physics 
Students (SPS), an important component 
of developing professional non-academic 
skills.  Undergraduate Student Travel Awards 
allow students to present research reports 
orally or via posters at physics conferences 
and workshops around the country. The 
Science Outreach group develops additional 
interests for those not entirely dedicated to 
the pursuit of a research career.
  
The Alumni Office responds to donors 
in an interesting new way. You receive 
electronically a thank-you card and a thirty 
second video clip with a personal message 
from an undergraduate. It is a way to keep 
in touch with the progress of the institution 
since graduation.
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donations
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Anonymous Donors

Mr. Ramesh Adhikari ‘14 & Ms. Yelena 

Valeryevna Kobaliya ‘15

Dr. Richard C. Anderson ‘88

Mr. Bruce E. Armstrong ‘88

Mrs. Gail A. Barry ‘60

Mr. Michael G. Belanger ‘66

Dr. Paul S. Bourgeois ‘91 & Ms. Tamara J. 

Stanton ‘93

Mr. Herbert M. Brody ‘78 & Ms. Patricia Kellogg

Mrs. Debra J. Carr-Kirk ‘76

Dr Joan M. Centrella ‘75 & Mr. Dwight Allen

Dr. Siu-Kau Chan ‘91

Dr. Lisa J. Coates ‘02

Dr. Benjamin C. Crooker ‘77

Dr. Ashley M. DaSilva ‘07

Dr. Aimin Ding ‘97 & Ms. Hongbiao Zhang ‘95

Mr. Richard O. Duggan ‘75 & Mrs. Mary E. Duggan

Mrs. Carol A. Emery ‘69 

   & Mr. Christopher B. Emery ‘72

Mr. Francis P. Englert & Ms. Lisa Englert

Mr. George B. Estrella ‘56

Dr. Donald M. Fleming ‘73

Mr. Howard B. Foster ‘59

Ms. Antonella Fruscione & Mr. Jeremy Drake

Dr. Fabrizio Gabbiani ‘97

Dr. Robert K. Galkiewicz ‘77 

   & Ms. Rebecca C. Galkiewicz ‘75

Dr. Robert R. Gamache ‘78

Mr. Thomas W. Gorczyca ‘83

Dr. Robert H. Higley ‘91

Mr. Duane C. Holmes ‘68

Dr. Whittak H. Huang ‘74

Mrs. Kristina E. Huffman ‘87 

   & Dr. Robert L. Huffman ‘85

Dr. Russell A. Hulse ‘72

Dr. Julie A. Johnson ‘85

Mr. Donald Kaplan ‘01

Mr. Shaun J. Kelly ‘88

Dr. Grace M. Kepler ‘79

Mr. Joseph R. Kinard, Jr. ‘71

Professor Richard R. Kofler 

   & Ms. Rosemary Kofler

Mr. Christopher J. Lammi ‘05

Mr. Brian C. Lamore ‘85

Ms. Joan E. Langley ‘72

Mr. John P. Lareau ‘72 

   & Mrs. Margaret A. Lareau ‘72

Ms. Margaret W. Latimer ‘75

Mr. James M. Leas ‘76

Mr. Phillip E. Ledin ‘76

Mr. Thomas J. Ledoux ‘13
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donors

38



D
E

P
A

R
T

M
E

N
T

 O
F

 P
H

Y
S

IC
S

  |  U
N

IV
E

R
S

IT
Y

 O
F

 M
A

S
S

A
C

H
U

S
E

T
T

S
 A

M
H

E
R

S
T

Mr. Roger J. Legare ‘63

Dr. Theodore R. Lundquist ‘71

Dr. William Anthony Mann ‘70

Dr. Jonathan Maps ‘82

Mr. David S. Margil ‘89

Mr. Qingyou Meng ‘18

Dr. Steven M. Moore ‘85

Mr. Alexander J. Nemtzow ‘12

Mr. Zachary A. Nemtzow ‘12

Dr. Steven A. Newton ‘76

Dr. Moshe Oren ‘77

Ms. Karen Parker ‘80 & Mr. Joseph M. Fusco

ms. Elisabeth A. Parrott & Robert E. Parrott

Professor Gerald A. Peterson 

   & Mrs. Doris D. Peterson ‘73

Mr. R. Bradley Potts & Ms. Diane Berner

Dr. John K. Pribram ‘73

Mr. Stanley A. Pulchtopek Jr. ‘82

Dr. Siddhartha Purkayastha ‘85 

   & Ms. Sujatha K. Purkayastha ‘83

Professor Michael Ramsey-Musolf

Professor Hajime Sakai & Mrs. Sachiko Sakai

Dr. Edwin R. Sapp ‘75

Mr. Harsheel D. Saraiya ‘11

Mr. Andrew J. Scheff ‘78

Mr. Benjamin M. Scott ‘99

Mr. Christopher A. Serino ‘07

Mr. Ker-Li Shu ‘77

Mr. Thomas R. Silvia ‘84

Mr. Scott J. Simenas ‘71

Dr. Thomas J. Slavkovsky ‘78 

   & Ms. Martha Slavkovsky

Mr. Peter R. Smart ‘77

Mr. Luther W. Smith, Jr. ‘53

Mr. Richard R. Strange ‘66

Mr. Thaddeus J. Strzempko Jr. ‘66 

   & Mrs. Judith L. Strzempko

Dr. Mark F. Taylor ‘62 & Ms. Carol W. Taylor ‘66

Dr. Shubha Tewari

Dr. Jorge Uribe ‘93

Mr. Jairus C. Warner ‘64

Mrs. Anna L. Wei

Dr. David C. Wong ‘75 & Mrs. Kate C. Wong ‘75

Dr. Kuo-Ho Yang ‘75 & Mrs. Changhsu R. Yang ‘74

Dr. Xiaoyu Yang ‘04 & Dr. Lingyan Yang ‘00

Mr. David A. Zaff ‘92 & Mrs. Linda M. Zaff ‘93

Mr. Eric K. Zeise ‘72

Dr. Jing Zhou ‘02 & Ms. Shan Gao ‘05

MATCHING GIFTS

Schwab Fund for Charitable Giving

Alfred P. Sloan Foundation

d
o

n
a

t
io

n
s

39



D
E

P
A

R
T

M
E

N
T

 O
F

 P
H

Y
S

IC
S

  
| 
 U

N
IV

E
R

S
IT

Y
 O

F
 M

A
S

S
A

C
H

U
S

E
T

T
S

 A
M

H
E

R
S

T

Department of Physics
University of Massachusetts Amherst
710 North Pleasant Street
Amherst, MA 01003-9337

Change Service Requested

undergraduate commencement 2019


