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‘We numerically investigate the moephology and disclination line dynamics of active nematic droplets in
three dimensions. Although our medel incorporates only the simplest possible foem of achiral active stre

active nematic droplets display an range of complex ies. For extensile activity
fingerlike protrusions grow at points where disclination lines intersect the droplet surface. For contractile
activity, however, the activity field drives cup-shaped droplet imvagination, nun-and-tumble motion, or the
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biomenmbranes, suggesting that some biological systems may share the same underlying mechanisms as

formation of surface wrinkles. This diversity of behavior i explained in terms of an interplay between
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active nematic droplets.
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L INTRODUCTION

Active particles use energy from their surroundings to

wark. Examples range from cukaryatic cells, hacterial
suspensions, and molor proteins to active colloids and
shaken granular rods [1.2]. Active systems have recently
received considerable attention in the community because
of their potcntial in designing mesoscopic engines, as a
way of interpreting biological mechanics, and as examples
of nonequilibrium statistical physics [3.4]. Here, we focus
on dense active systems and, in particular, the continuum
theory of active nematics, which describes active systems
with hydrodynamic interactions. The archetypal exper-
imental example is microtubules driven by kinesin mator
proteins [5,6]. Other active nematics include myos
driven actin-microtubule networks [7]. swimming bacte-
rial swarms, and confluent cukaryotic cells [$-11].

Subject Areas: Biokogical Physics, Sofl Mafier

imaging of a three-dimensional active nematic and, in
particular. the associated motile disclination loops and lines
[12]. This imaging is achicved by dispersing force-
nerating microtubule bundles in a passive colloidal liquid
al based on filamentous viruses. The temporal evolu-
tion of disclination lincs is measurcd using light-sheet
microscopy, revealing that the primary topological excits-
tions in bulk active nematics are charge-neutral dis
tion loops.
Numerical simulati cal that flows and
cal dynamics of disclination lines in three-dimensional (3D)
active nematics are govemed by the local dircctor profile
surrounding the disclination line and that defect loops in
extensile systems are generally formed via the well-known
bend instability [13). Three-dimensional active nematic
turbulence and disclination line dynamics in_spherical

A key property of active nematics, which
them from passive liquid crystals, is active turbulence. This
turbulence is a chaatic flow state characterized by strong
vorticity and motile tapolagical defects which are continu-
ally created and destroyed. Considerable experimental
and theoretical work is devoted to understanding the
propertics of active wrbulence, and the associated topo-
logical defects, in two dimensions. More recently, it has
proved possible to design an active material that allows
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is also using numerical modcling
in both achiral [14] and chiral systems [15,16]. Enforcing
strong in-planc surface alignment allows the formation of
defiects on the surface and is used 1o highlight the coupling of
surface and bulk topological defect dynamics.

The theories of active materials are increasingly being
used to describe bialogical systems in two dimensions,
examples. including biofilm initiation [17], topological
defects in cell monolayers (8-10], and cpithelial expansion
[18). This usc suggests that in three dimensions there may
be relevance to the collective motion of groups of cells, in
morphogenesis, or 1o the growth and spread of tumors.
Therefore, to underpin extension of these approaches to
3D, in this paper. we investigate active, self-deforming
droplets in three dimensions, describing the interplay
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e discover new. hitherto unknown.
5. Rev. C 66, 044611
atrix operaloes to complex wave numbers (especially the shift 5 and penetration P functions). This
quence for the exact Remateis formalism (past the List energy threshold), s we show one can stll
always fully reconstruct the scatiering matrix with aaly the previously known aliernative parameters (poles and
enrmesponding resomance widths). foe which there were as many poles as the number of levels N, . However, we

badow poles. in Brune's altemative purametrization of £-mairix theory
. Where these poles ace, aind bow many there ase, depends on

A skymionic peogrammable logic device (SPLD) with complete Boolean logic functions is proposed
and analyzed by micromagnetic simulations. The SPLD is based on an amiferromagnet-feramagnet
bilayer siructure, in which the antiferromagnetic layer supports the interfacial Dzyaloshinskii-Moriya
interaction and the out-of-plane exchange-bias field for siabilizing a zero-field skyrmion. By varying the
local exchange-bias fiekd, antificial pinning sites are 1rap skymions. Depending on the input

generalize the othe and show that the choice of continuution
currents and initial position of skyrmions at different pinning sites, different logic functions ean be realized. B P o Moor Toralm oo ot o sl of ot
Micromagnetic simulations show that the proposed SPLD has a robust performance, even under thermal "‘;""“ o :;" :: b l;“”*:; = "‘:’ 'T“ ":'I“'m o “‘"l' “:” . ’: —— ’”"u”""“ Lu"‘: ‘d‘ .:"
Hctuuions 1nd homogeraty cHect, O ek cu v Hhes o e g of ogrameblc erdr o bl s s temats s e ks oty il hs ke s dce
spinlogie devices. sppraach)in the second aricle (P: Ducru, B. Forget, V. Sobes, G. Hale, and M. Patis, Phys. Rev. C 103, 064609
DOI 10,1103 PhysRevApplied 15064008 amatrix theay, on which we build to establish the
[ p tion oe R-mateix coss seetions in the thid and las aticle [P, Ducru, A. Alhaje, 1. Meyer
. Forger, V. Sobes, €. Josey. and J. Liang, Phys. Rev. C 103, (64610 (2021)]. We chserve the first e [ |

in the isotope ““Xe spin-parity
and show bow they indeed depend on the choice of continuation 1o complex wave numbers.

of shadow poles in the aliermative parametrization of R-matsix th
iy

L INTRODUCTION recent years, many FLDs that are based on magnetic
devices have been proposed. For example, a single mag-

Magnetic order that can be harnessed via a

field or electrical current is widely explored for memary,
logic, and sensor applications [ 1-5]. The demand for scal-
ing down the size of magnetic devices grows with devel-
opments in information processing and storage technolo-
gics. Ta this end, nanosized magnetic textures have been
extensively studied with promising prospects on densc
magnetic devices. A magnetic skyrmion is a newly dis-
cavered topological magnetic texture, which has received
much attention duc to its prominent propertics, such as
nanoscale size, nontrivial topology, and low driving cur-
rent density [5-10). These properties lead to proposals
for a range of prototypes of skyrmionic devices, such
as skyrmion racetrack memary [$.8,10-12] and skyrmion
logic [13-17].

Boolean logic devices comprise the basic clements in
modern electronic circuits. Conventional logic devices can
be classified into two broad categories: a fixed logic device
(FLD) and a programmable logic device (PLD) [I8]. In

suogiangyu@iphy.ac.cn
' xfhan@iphy.ac.cn

netic domain, domain wall, or skyrmion can be employed
as information bits to achicve different logic functionalitics
in FLD [13-17,19-26). However, the logic function
ity of the FLD is fixed once it has been manufictured,
which limits flexibility in applications. In contrast, a PLD
can be reconfigured and, hence, possesses multiple func-
tionalities. Nonetheless, there arc only a few research
works reporting the realization of a skyrmion-based PLD
[16]. Similar to the racetrack device, in a skyrmionic
programmable logic device (SPLD), the input and out-
put jts “1" and “0" arc cncoded by the
state with and without a skyrmion, respectively. Based
an the valtage-controlled ic anisatropy effect, some
SPLDs have been proposed [16,17]. However, racetrack-
based devices may suffer from the skyrmion Hall effect
(SKRHE), thermal fluctuations, and edge roughness, espe-
cially in constricted devices [7,12.27-31].

Here, we report @ SPLD with complete Boolean lagic
functions (16 functions, including AND, NAND, XOR, ctc.)
based an artificially induced skyrmion pinning sites and
current-driven skyrmion motion. Depending on the ini-
tial skyrmion position and applied currents, full logic

2331-T019/21/15(6)/064004(9) 064004-1 © 2021 American Physical Society
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DOL 10.1103/Phys RevC. 103.064608
L INTRODUCTION

When two nuclear badies collide at a given energy—say. a
neutron and a 7*U nucleus (n + Z°U), a y particle (photon)
and a beryllium atom () +}Be), or an & particle ($He) and a
gold atom (e + 1 Au)—the outcomes of this interaction are
expressed as nuclear cross scetions. These cross sections arc
a fundamental component of our nuclear physics knowledge,
documented in standard nuclear data libraries {ENDF [1],
JEFF [2]. JENDL [3), BROND [4]. CENDL [5], and TENDL
16.7]). To constitute nuckear data librarics, an cvaluation pro-
cess fits experimental measurements of reaction rates with a
parametric model of nuclear interaction cross sections called
R-marrix theory. using evaluation codes such as EDA [8.9],
MMY [10], or AZURE [11]. R-matrix theory models nu-
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clear inieractions as two incoming bodics yickding two outgo-
ing bodies. through the action of a total Hamiltonian. The latter
is assumed to be the addition of a short-range, interior Hamil-
tonian that is null beyond channel radius e, and a long-rang
exterior Hamiltonian that we know, say, Coulomb potential
or free moving. This partitioning, along with an orthogonality
assumption of channels at the channel boundary, is what we
could call the R-marrix scattering model, described by Kapur

and Peieris in their seminal article [12], unificd by Bloch [13]
and reviewed by Lane and Thomas [14]. The outcomes of
the intcraction depend on the energy at which the interaction
occurs, and R-matrix theory parametrizes, for calculabili

munity is the Wigner-Eisenbud parametrization |

There are good reasons for this: The Wigner
parameters are unconsirained real parameters, ic., though
physically and statistically corrclated. any set of real param-
eters is mathematically acceptable {though not necessarily
present in nawre). that parametrize the interior interac-
tion Hamiltonian (usually an intractable many-body nuclear
problem) and separate it from the exterior one (usually
a welkknown free-body or Coulomb Hamilionian with

2021 American Physical Society
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A noniraditional quantum heat engine based on electromagnetically induced transparency has recendy been
suggested and experimentally demonstrated in ultracold atoms. In more practical setups with worm atoms,
thermal aomic motions might hamper this hest engine mechanism. We here show that a Doppler-beoadened
atomic sample can stll bebave like an engine. However, only photons emitied in the direction of the coupling
luser hiave the same brighiness os for the Doppler-free engine, while the luger the angular deviation of emissioe.
the lower the brighiness. Our resul that be actof Dopplee bruadening
5 if the thermal oceupation number of the reservoie serving a5 entropy sink is increased. and the quantum heat
engines may be feasible in w

n atoméc interfaces.

DOL 10,1 103/PhysRevA. 103062205

L INTRODUCTION from using warm atoms due to the simplicity and conve-
nience in their preparation and manipulation, yet in most
cases Doppler broadening is known to play a hampering role
because averaging over the atom velocitics could wash out
fragile quantum coherent effects. Hence the effect of the
atomic thermal motion on the engine performance has to be
properly assessed.

W discuss here a quantum heat engine designed to wark
with 2 warm atomic gas (sce Fig. 1) through the inclusion of
Doppler broadening in the model of Ref. []. We limit our-
. selves to a two-dimensional (2D) space, which is the simplest
temperatures Ti3 and Tzs supports a nonlinear process |1} —  extension to a configuration that provides a detailed quantita-
[ERCEria B 1} which can be regarded as a heat Ve analysis with respect to the effects of the atomic motion
engine cycle [see Fig. 1{a)]. The atoms, in fact, convert heat  ©8 the behavior of an EIT-bascd engine. Doppler-broadencd
from the first rescrvair (Tis). releasing some of it inio the  Wansitions arc well known to exhibit a Gaussian lineshape
other reservoir (Tis) while generating low-grade work at the  Profile (Maxwell-Bolzmann distribution) and this is first used
(outpat) photon mode a1 ©2,. The entropy change associated 1 numerically compute the brightness of the output radia-
with photon absorption from the ideal lascr beam (R,) is  on. A deeper insight inta the role af Doppler broadening
zero [9] and the brightness of the generated radiation, ie., the 15 instead gained by adopting a Lorentzian lineshape profile
number of photons generated in the mode . is larger than  [17-19] which leads to useful, although approsimaie, analytic
what ane would obiain in the presence of the fwo reservoirs  EYPrESsions for the brighincss. Both numerical and analysic
alone [8]. Such a nontraditional EIT-based engine has been  Tesults for a thermal sample anticipate a reduction of the
experimentally demonsraied in ultracold samples of “Rh  brightness distribation over the emission angle as one moves
atoms [10], where Doppler broadening is abseat. away from the forward direction [sce Fig. 1(b)]. findings that

Doppler broademing, which is caused by the random ther- e uite relevant to practical experimental implementations.
mal motion of atoms, is neverlheless. present in warm atom  The Lorentzian casc, in addition, yiclds a sound physical
platforms that are routinely used to achicve light dragging  Understanding of how the broadening causes such a reduction.
[11], optical nonreciprocity [12-15]. and narrowhand bipho-  Finally, we discuss the heat engine performance in terms of
ton generation [16]. just to name a fow phenomena. Acwal  the entropy flux caried by the output radiation [8.9.20.21]
implementations of an atomic heat engine would also benefit

Atomic coherence built in the interaction between lasers
and mtomic ensembles is the basis of a well-known phe-
nomenon called electromagnetically induced transparcncy
(EIT). Many related effects have been intensively siudied,
such as lasing without inversion [1], slow and stored light
[2.3], stationary light pulses [4], entangled photon pairs [S],
and quantum gates [6.7]. In 2016 [8], in particular, Harris
showed that, under the coupling laser beam (SZ,). a lambda
EIT medium in contact with two blackbody rescrvoirs at

IL BRIGHTNESS OF THE DOPPLER-BROADENED

QUANTUM HEAT ENGINE
“gluseppe larocc @ sas it
artons @ lems.unif it Let us consider the atomic system depicted in Fig. 1ia)
“jhu @ nenu edu.cn where three-level atoms are in contact with two (hlaekbody)
24600262021 /103(6)062208(6) 0622051 ©2021 American Physical Society
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Frequency prediction from exact or self-consistent mean flows
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M| (Received 14 February 2021; accepted 20 May 2021; published 7 June 2021)

A number of approximations have been proposed to estimate basic hydrodynamic
quantitics. in particular. the frequency of a limit cycle. One of these, real zero imaginary
frequency (RZIF), calls for linearizing the governing equations about the mean flow and
estimating the frequency as the imaginary part of the leading cigenvalue. A further reduc-
tion. the self-consistent model (SCM), approximates the mean flow as well, as resulting
only from the nonlincar interaction of the leading cigenmode with itslf. Both RZIF and
SCM have proven dramatically successful for the archetypal case of the wake of acircular
cylinder. Here. the SCM is applied to thermosolutal convection, for which a supercritical
Hopf bifurcation gives rise to branches of standing waves and traveling waves. The SCM
is solved by means of a full Newton method coupling the approximate mean flow and
leading cigenmode. Although the RZIF property is verified for the raveling waves, the
SCM reproduces the nonlinear frequency only very near the onset of the bifurcation and for
another isolated parameter value. Thus, the nonlinear interaction arising from the leading
mode is insufficient to reproduce the nonlinear mean field and frequency.

DOI: 10.1103/PhysRevFluids.6.063901

L INTRODUCTION

Periodic emission or translation of vortical structures is one of the most important phenomena

observed in hydrody The and freq are two essential ck
istics of these time-periodic systems. These are usually obtained either by experiment or by solving
the full N: tok ions by direct i The ype of such

tions is the wake of a circular eylinder. in which the visually appealing Bénard-von-Kérmin vortex
“street” [1.2] appears above a Reynolds-number threshold [3.4] of 46.

When periodic oscillations such as these originate from a supercritical Hopf bifurcation, linear
stability analysis about the equilibrium solution at the threshold yields a leading eigenvalue whose
real part is zero and whose imaginary part is the escillation frequency. Away from the threshold,
this is no longer the case. However, for the cylinder wake, linearization about the fime-
field has been shown o yield the nonlinear frequency [5-8] as the imaginary part of the leading
eigenvalue. Moreover, Barkley [6] noted that the real part of this eigenvalue is nearly zero, meaning
that the mean flow can be considered to be marginally stable, as had been suggested by Malkus
19] in the context of turbulent shear flow. This property. given the name real zero imaginary
frequency (RZIF) by Turton er al. [10], has since been demonstrated to hold for several other fow

*b.y.bengana@ gmail com
*laurette tuckerman @ espei fr
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‘Women continse 1o be undemepresented in physics in the United States. Th

while many Muslim.

majority (MM) countries have a high representation of women in undergraduate and graduate physics

programs. While there is a growing awareness of this irend, lile is being done to undersiand why and how

this trend.

women in physics

in the U.5. To better understand how cultural experiences can influence the pursuit of physics. this study
examines the lived ex periences of female physics faculty members in the U_S. who came from MM countries,

The stdy draws oa s

ven phenomenological interviews focusing on how cultural experiences shaped
The 1] Iy pothe di il

ible

participants” gender

similarit cs and gender i

MM cs as opposed towhat has been found

in the Wes

In panticular, expressions of femininity in MM countries can have 3 more constructive

intersection with expressions of physics identity in ways that promote pasticipation and persistence.

DOI: 10.1103PhysRevPhysEduckes. 17.010114

L INTRODUCTION

The underrepresentation of women in physics has been a
persistent cancem in many countries (including the U.S.)
and attempts to increase women's representation in physics
have not been very successful [1]. In the past. while
women's representation in physics in the U.S. was increas-
ing, it has stagnated at around 209 for more than a decade
2.3]. To better address the underrepresentation of women
in physics and factors contributing to this problem.
researchers have attempted to understand these factors
from various perspectives. From studics focusing on the
influcnce of athers including parcnts, teachers, peers, the
scientific community, etc., [4-7), to classroom and cur-
ricular level work [8-10], there has been considerable
growth in understanding women's physics interests in
Westem contexts. However. this problem cannot be mean-
ingfully addressed unless we better understand the under-
lying cultural values that drive the problem and address

“smoshfeg@ fiuedu
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questions such as the following: what does it mean to be o
physicist, what does it mean to be a woman, and what is it
about being a physicist and a woman that make these
identities culturally incongruent.

Learning physics does not merely entail gaining knowl-
edge and acquiring the ability to solve problems, but also
entails a process of identity formation [11]. In the process
of leamning physics students become familiar with wha is
considered relevant and irrelevant, how to approach what is
considered relevant, and how to present their thoughts and
answers in a way that s understandable by the physics
community. During this process, students leam how to
become part of the physics community and to act based on
the norms of this community [12]. As a result. particular
attitudes, attributes, and identitics, although not explicitly
rejected, may be considered incongruent with the physics
community’s norms. As such, those who possess these
attributes and identities are not considered to fully fit in the
physics community and might feel rejection. Since physics
identities are aligned with white and masculine norms [5].
wamen and people of color do not it these norms and must
cither abandon expressing some of their identities to fit in
the norms of the physics community or leave altogether.

However, there is no reason to believe that these cultural
norms, congruences, and incongruences, are the same
around the globe. As we know gender has a strong cultural

J17(1)/010114(19) 010114-1 Published by the American Physical Society
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