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LSST (30TB/night)

Flatiron Institute to Repurpose ‘Gordon’

Supercomputer at UC San Diego

The powerful resource from the San Diego
Supercomputer Center will be used for astrophysics,
biology and materials research.

"Real astrophysical systems are 3-dimensional
objects evolving in time with extremely
complex physics. T'hey can only be observed

remotely. 1o interpret:

‘he data and model the

underlying physics, as

rophysicists need to

build elaborate models, which are often
computationally intensive”

Adapted from “Working Papers: Astronomy & Astrophysics Panel Report” (1991) - National Academy Press



Astronomy has become a

digital science

#!/bin/bash

if (.not. s% ierr) return #
write(x,3) '2 equ(1 dind_dt, k)', # $Id: m_newrun June 2012 matteo,cantiello $
write(*,2) 's% 1nR(k)', k, s% :‘ Largely adapted from pc_n C
write(x,2) 'res', k, # This script
write(*,2) 'rpl3 + dr3', #
MNRAS 000, L00-L00 (0000) P December 2017 MNRAS ITEX style file v3.0 write(*,2) 'dr3’ # Usage:
MNRAS 000, LOO-LO0 (0000) repein ember 201 Compiled using X style file v o2 1Py [y ¥ m_newrun. runl run2
write(x,2) ‘rho’, k, # Alternative usage, if one is already in runl
write(%,2) 'dm', k, # m_newrun, run2
write(%,2) 's% dq(k)', #
K2 photometry and HERMES spectroscopy of the blue supergiant stop 'dol_dlnd_dt_eqn case "$1" in
. . . * end if h help
p Leo: rotational wind modulation and low-frequency waves wtho Musage: m_newrun, [-s]"

exit;;

-s|--same_source)
echo "Using same source directory"

C. Aerts"?f, D. Bowman', S. Sfmon-Dfaz**, B. Buysschaert'~, C. Johnston',

. . . _source=1
E. Moravveji', P. G. Beck*, P. De Cat®, S. Triana'®, S. Aigrain’, N. Castro®, call e0a(s, , hifr

. if (k < nz) call epl( & esac
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if [ $# -eq 2 1; then
#

Vijmegen. The Netheriands

# check whether absolute or relative path
# by checking whether target exists
#

if (s% a then
if (s% i1 0) then
1085 S. University Ave., Ann Arbor, MI 481091107, USA write(*,%) 'when lnPgas_flag and not using 1nT, use_ODE_form_of_density_eqn'

‘pwd‘(sl 1; then

call mesa_error(__FILE , LINE_ )
end if

#
P #
#
Accepted 2; Received 2017 December 2% in ariginal form ? call eeo( if [ -d “pwd'/$2 1; then
o E L st newdir="pwd'/$2
ABSTRACT call e08( $2
We present an 80-day long uninterrupted high-cadence K2 light curve of the B11ab supergiant )
p Leo, deduced with the mc!.hod of halo photometry. This light curve reveals a dominant fre- o
quency of fi = 0.0373d™" and its harmonics, ctmcspondmg with amlautm pcnod of 26.8d
and subject to amplitude and phase modulation. The K2 p Ily reveals low-

frequency variability (< 1.5d™") and is in full agrccmcm with lu\a cadence high-resolution
spectroscopy assembled during 1800 days. The spectroscopy reveals rotational wind modu-
lation of about 20kms~! and photospheric velocity variations of a few kms™' at frequencies
in the range 0.2 to 0.6d"". Given the large macroturbulence needed to explain the spectral
line broadening of the star, we interpret the detected photospheric velocity as due to travelling
super-inertial gravity waves with dominant tangential amplitude.

Key words: Asteroseismology — Stars: massl\c Stars: rotation — Stars: oscillations (includ-

ing pulsations) — Techniques: Y

1 INTRODUCTION gets mixed in the stellar interior during the pre-supernova evolu-

2012). It would thus be highly

Blue supergiants are in the least understood phase of evolution of
i . Lack of understanding of this phase is

since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields after the
blue supergiant phase are strongly dependent on the helium core
mass at the onset of hydrogen shell burning and how the material

* Based on the data gathered wi A's Discovery mission Kepler and
with the HERMES spectrograph, installed at the Mercator Tel
ated on the island of La Palma by the Flemish Commu:
Observatorio del Rogue de los Muchachos of the Instituto de Astrof
de Canarias and supported by the Fund for Scientific Research of Flan-
ders (FWO), Belgium, the Rescarch Council of KU Leuven, Belgium.
Fonds National de la Recherche Scies FRS.-FNRS),

Royal Observatocy of Belgium, the Observatoire de Gendve, Switzeriand
and the Thitringer Landessternwarte Tautenburg, Germany.

+ E-mail: conny.aerts @kuleuven.be
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+ y could be monitored and ex-
ploited in terms of the interior physical properties, just as it has
recently become possible for evolved low- and intermediate-mass
stars from asteroseismology (Bedding et al. 20
2014; Aerts et al. 2017b). For blue supergiants, this requires un-
interrupted space photometry covering months to years, but such
data sets are hardly available.

g-term ground-based phx of level preci-
van Genderen 1989; Lamers et al. 1998, and references
therein) and spectroscopy of kms ! precision (e.g., Markova et al.
Simén-Diaz et al. 2010; Martins et al. 2015) devoted to blue
supergiants typically had sparse sampling and led to daily aliasing
and high noise levels in the Fourier spectra. As a result, interpreta-
tion of blue rgiant variability from g d-based data remained
limited. Ultra-violet space spectroscopy was found 1o be more use-
ful in this respect. Indeed, TUE time-series spectroscopy revealed

Mosser et al.

Allen et al.

Examining 166 astronomical articles
2018) found /15 software
instances. At least 285 unique codes

but likely many more
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We present an 80-day long uninterrupted high-cadence K2 light curve of the B11ab supergiant
p Leo, deduced with the mc!.hod of halo photometry. This light curve reveals a dominant fre-
quency of fi = 0.0373d™" and its harmonics, ctmcspondmg with amlautm pcnod of 26.8d

and subject to amplitude and phase modulation. The K2 p Ily reveals low-
frequency variability (< 1.5d™") and is in full agrccmcm with lu\a cadence high-resolution
spectroscopy assembled during 1800 days. The spectroscopy reveals rotational wind modu-
lation of about 20kms~! and photospheric velocity variations of a few kms™' at frequencies
in the range 0.2 to 0.6d"". Given the large macroturbulence needed to explain the spectral
line broadening of the star, we interpret the detected photospheric velocity as due to travelling
super-inertial gravity waves with dominant tangential amplitude.

Key words: Asteroseismology — Stars: massl\c Stars: rotation — Stars: oscillations (includ-

ing pulsations) — Techniques:

1 INTRODUCTION
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1 2012). It would thus be highly

Blue supergiants are in the least understood phase of evolution of
i . Lack of understanding of this phase is

since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields after the
blue supergiant phase are strongly dependent on the helium core
mass at the onset of hydrogen shell burning and how the material
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+ y could be monitored and ex-
ploited in terms of the interior physical properties, just as it has
recently become possible for evolved low- and intermediate-mass
stars from asteroseismology (Bedding et al. 20
2014; Aerts et al. 2017b). For blue supergiants, this requires un-
interrupted space photometry covering months to years, but such
data sets are hardly available.

Mosser et al.

g-term ground-based phx of Jevel preci-
van Genderen 1989; Lamers et al. 1998, and references
therein) and spectroscopy of kms ! precision (e.g., Markova et al.
Simén-Diaz et al. 2010; Martins et al. 2015) devoted to blue
supergiants typically had sparse sampling and led to daily aliasing
and high noise levels in the Fourier spectra. As a result, interpreta-
tion of blue rgiant variability from g d-based data remained
limited. Ultra-violet space spectroscopy was found 1o be more use-
ful in this respect. Indeed, TUE time-series spectroscopy revealed
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if (.not. s% ierr) return
write(x,3) '2 equ(1 dlnd_dt, k)*',
write(*,2) 's% 1nR(k)', k, s%
write(,2) 'res', k,
write(%,2) 'rpl3 + dr3',
write(x*,2) 'dr3', k,
write(*,2) 'rho', k,
write(x,2) ‘'dm', k,
write(x,2) 's% dq(k)',
stop 'dol_dlnd_dt_eqn

end if

call e@o(s,

if (k < nz) call epl( &

if (s% a then
if (s% i1 0) then
write(*,%) 'when lnPgas_flag and not using 1nT, use_ODE_form_of_density_eqn'
call mesa_error(__FILE , LINE_ )
end if

call e0o(

’

call e00(

’

lerce

#!/bin/bash

$Id: m_newrun June 2012 matteo.cantiello $
Largely adapted from pc_n C

This script

Usage:
m_newrun, runl run2

Alternative usage, if one is already in runl
m_newrun, run2

HEHH R RS

case "$1" in
~h|--help)
echo "Usage: m_n
exit;;

run, [-s]"

-s|--same_source)

echo "Using same source directory"
same_source=1

shift;;

if [ $# -eq 2 1; then
#

# check whether absolute or relative path
# by checking whether target exists
#

‘pwd‘(sl 1; then

#
#

#
if [ -d “pwd /$2 1; then
newdir="pwd'/$2

Virtually every astronomical
ublication stands on at least

plece of software



Many (new) tools now 'A.

enable easily versioning,
sharing and deploying JUu pyte [
astronomaical software.

However..
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ABSTRACT

‘We present an §0-day long high-cadence K2 ve of the B11ab supergi
pLeo, deduced with the method of halo photometry. This light curve reveals a dominant fre-
quency of fu = 0.0373d"" and its harmonics, comesponding with  ostion psiod of 268
and subject to amplitude and phase modulation. The K2 photometry additionally reveals low-
froquency variabilty (< 1.5d1) and is in full agreement with low-~ adence high-resolution
spectroscopy assembled during 1800 days. The reveals rotational wind modu-
lation of about 20kms-! and photospheric velocity variations of a few km s~ at frequencies
ml.\\cmng:ﬁlmﬂéd’l}umkh:largcmﬂmnhdmﬂ: ed to explain the spectral
¥ e

the star,
super-inertial gravity waves with dominant tangential amplitude.

Key words: Asteroscismology - Stars: massive — Stars: rotation - Stars:oscillations includ-
ing pulsations) — Techniques: photometry — Techniques: spectroscopy

1 INTRODUCTION gets mixed in the stellar interior during the pre-supemova evolu-

tion (e.g.. Heger et al. 2000; Langer 2012). It would thus be highly

Blue supergiants are in the least understood phase of evolution of
‘massive stars. Lack of understanding of this phase s unfortunate,
since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields afier the
blue supergiant phase are strongly dependent on the helium core
mass at the onset of hydrogen shell burning and how the material
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beneficial if lue supergiant variabilty could be moritored and ex-
ploted in terms of the interior physical propertics, just as it has
receatly become possible for evoived low- and inlermediate-mass
surs from asteroseismology (Bedding et al. 2011; Mosser et .
2014; Aeats e al. 2017b). For blue supergiants, this requires un-
interrupted space photometry covering months (0 years, but such
data sets are hardly availble.

Long-term ground-based photometry of mmag-level preci-
550n (8. van Geaderen 1989; Lamers et . 1998, and references
therein) and s of kms! precision (e Markova et al.
2005: Simbo-Dia ta, 2010; Mg et . 2015)devote 10 o
supergiants typically had sparse sampling and led t0 daily alising
and high noise levelsin the Fourier spectra. As a resull, interpreta-

limited. Ultra-violet space spectroscopy was found to be more use-
ful in this respect. Indeed. IUE time-series spectroscopy revealed
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ABSTRACT

‘We present an 80-day long uni high-cadence K2 of the B1 Iab supergi
pLeo, deduced with the method of halo photometry. This light curve reveals 2 dominant fre-
quency of i = 0.0373d"" and its harmonics, corresponding with 2 rotation period of 26.8d

and subject to amplitude and phase modulation. The K2 photometry additionally reveals low- Usage
frequency variability (< 1.5d™") and is in full agreement with low-cadence high-resolution m runl run2
opy assembled during 1800 days. The y reveals rotational wind modu- Alternative usage, if one is already in runl

spectrosc
lation of about 20kms~! and photospheric velocity variations of 2 few kms-! at frequencies
mmmg:ﬁlmﬂéd’ Given the large macroturbulence necded to cxplain the spectral
locity e

the star,
super-inertial gravity waves with dominant tangential amplitude.

Key words: Asteroscismology - Stars: massive — Stars: rotation - Stars:oscillations includ-
ing pulsations) — Techniques: photometry — Techniques: spectroscopy

1 INTRODUCTION

Blue supergiants are in the least understood phase of evolution of
‘massive stars. Lack of understanding of this phase s unfortunate,
since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields afier the
blue supergiant phase are strongly dependent on the helium core
mass at the onset of hydrogen shell burning and how the material

gets mixed in the stellar interior during the pre-supemova evolu-
tion (e.g.. Heger et al. 2000; Langer 2012). It would thus be highly
beneficial if blue supergiant variability could be mositored and ex-
ploited in tems of the interior physical properties, just as it has
recently become possible for evolved low- and intermediate-mass
stars from asteroseismology (Bedding et al. 2011; Mosser et al
2014; Aerts et al. 2017b). For blue supergiants, this requires un-

#1/p1n/bash

$Id: p
Large
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case "$1" ii
-h|--hel,

This script
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sour
in

June 2012
ed from pe_p

n_newrun. run2

ce)
same source directory"
=1

creates a new MESA workdir. from an existing one
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interrupted space photometry covering months to years. but such her t
data sets are hardly availble.

Long-term ground-based photometry of mmag-level preci-
sion (e.£.. van Genderen 1989; Lamers et l. 1998, and references
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ful in this respect. Indeed. IUE time-seres spectroscopy revealed (321 hen K
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published work: 877
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shamir et al. 2013




The Reproducibility "Paradox
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ABSTRACT Largely adapted from p (PENCTL-CODE)
‘We present an §0-day long uni high-cadence K2 ve of the B11ab supergi

This script creates a new MESA wol

pLeo, deduced with the method of halo photometry. This light curve reveals a dominant fre-
quency of fu = 0.0373d"" and its harmonics, pundmgu‘nhlmn\mpamduf%ﬁd
and subject to amplitude and phase modulation. The K2 photometry additionally reveals low-
frequency variability (< 1.5d™*) and is in full agreement with low- adence high-resolution
spectroscopy assembled during 1800 days. The spectroscopy reveals rotational wind modu-
lation of about 20kms~! and photospheric velocity variations of 2 few kms-! at frequencies
ml.\\cmng:ﬁllnﬂéd 1. Given the large macroturbulence needed to explain the spectral

oy e

ir. from an existing one

Usag
runl run2
AUteTngtive usage, 1f one is already in runi

HEREEEA AR

1Y

the star,
super-inertial gravity waves with dominant tangential amplitude.

Key words: Asterosesmology - Stars: masive - Star:rofation - Sars: oscilations (nclud- echo "Usage: m_newrun. [-s1"
: spectroscopy .

ing pulsations) ~ Techniques: photometry — Techniques:

same_source)
ng same source directory"

1 INTRODUCTION gets mixed in the stellar imerior during the pre-superova evolu- =1

tion (e... Heger et al. 2000; Langer 2012). It would thus be highly

beneficial if lue supergiant variabilty could be moritored and ex-

ploted in terms of the interior physical propertics, just as it has

Blue supergiants are in the least understood phase of evolution of
‘massive stars. Lack of understanding of this phase s unfortunate,
since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields afier the
blue supergiant phase are strongly dependent on the helium core

4; Aeats et al. 2017b). For blue supergiants, this requires un-
mass at the onse of hydrogen shell burning and how the material  sne e 20070 For B s, tis rep

interrupted space photometry covering months (0 years, but such

data sets are hardly availble.
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As computational methods have proliferated, research
has become less transparent, reproducible, and
falsifiable because these methods have not been shared
or made availlable along with the research they enable

Allen et al. 2018, Baker 2016, Goble et al. 2016, Stodden et al. 2016, Marwick 2015,
Shamir et al. 2013, Morin et al. 2012
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ABSTRACT

We present an 80-day long uninterrupted high-cadence K2 light curve of th
pLeo, deduced with the method of halo photometry. This light curve reveg
=0.0373d"" and its harmonics, corresponding with a rotati g
and subject to amplitude and phase modulation. The K2 photometry additi
frequency variability (< 1.5d™') and is in full agreement with low-cade
spectroscopy assembled dunng 1800 days. The spcamscop\ reveals m'auom:] wmd mudu
lation of about 20kms™! and phowsphcnc velocity v . 4

in the range 0.2 to 0.6d™". Given the large ma
line broadening of the star, we interpret the detected pi
super-inertial gravity waves with dominant tangential

quency of f

Key words: Asteroseismology - Stars: massive - Stz
ing pulsations) - Techniques: photometry - Techniqud

1 INTRODUCTION

Blue supergiants are in the least understood phase of evolution of
massive stars. Lack of understanding of this phase is unfortunate,
since successors of these stars play a key role in the chemical evo-
lution of their host galaxy. The nucleosynthetic yields after the
blue supergiant phase are strongly dependent on the helium core
mass at the onset of hydrogen shell burning and how the material

* Based on the data gathered with NASA's Discovery mission Kepler and
with the HERMES spectrograph, installed at the Mercatoe Telescope, ope-
ated on the island of La Palma by the Flemish Community, at the Spanish
Observatorio del Roque de los Muchachos of the Instituto de Astrofisica
de Canarias and supported by the Fund for Scientific Rescarch of Flan-
ders (FWO), Belgium, the Research Council of KU Leuven, Belgium, L’lC
Fonds National de la Recherche Scientific (FR.S.-FNRS), 0
Royal Observatory of Belgium, the Observatoire de Genéve, Switzerland
and the Thilringer Landessternwarte Tautenburg, Germany.

+ E-mail: conny.acris@kuleuven.be
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