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starting from 2001
at the solar nmaxi num
t he hel i osei snol ogy
observati ons show
new branches of

t or si ona
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m grating from about
45 | atitude towards
t he equator they
indicate the start
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magneti c processes
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sufficient for us to
enbar k upon

dynam cal studies
nore detailed than
have been possible
bef ore the nost
sophi sti cat ed
studies to date have
been the very

i npressive nunerica
simul ati ons of the
convection zone from
whi ch especially in
recent years a great
deal has been

| earnt’
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hel i osei snol ogy is
the study of the
propagati on of
pressure wave S in

t he sun unlike

sei sm c waves on
earth sol ar waves
have practically no
shear ponent s waves
sol ar pressure waves
are generated by the
turbul ence in the
convecti on zone near
t he surface of the
sun and certain
frequencies are
anplified by
constructive
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"validation of tine
di st ance

hel i osei snol ogy by
use of

June 3rd, 2020 -
time distance

hel i osei snol ogy

al ong with other
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i nportant tool for

i nvestigating the
solar interior
structure and
dynami cs since it
was ?rst intro duced



by duvall et al 1993
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been used to derive
the interior
structure and ?ow
?el ds of relatively
smal | '’

hel i osei snol ogy
definition of

hel i osei snol ogy and
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hel i osei snol ogy is
the study of the
propagati on of wave
oscill ations
particularly
acoustic pressure
waves in the sun



unl i ke seism c waves
on earth solar waves
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shear ponent sol ar
pressure waves are
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generated by the
turbul ence in the
convecti on zone near
t he surface of the
sun 1 certain
frequencies are
anplified by
constructive
interfer

ence' 'research in
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ast er osei snol ogy nax



June 2nd, 2020 -

hel i osei snol ogy and
ast erosei snol ogy are
power ful tools that
utilise the host
star s intrinsic
oscillations to
probe the interior
of the sun and the
stars the structure
of the sun and stars
need to be described
taking into account
t he physics of
convection rotation
and magnetic fields
stellar oscillations
hel p to determ ne
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t he subsurface st u
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dynam cs of the
solar interior from
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i nvestigator dr
sylvain g korzennik
final report



sept enber 1997
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a research assi stant
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nostly supported by
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regions flares and
coronal nass
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hel i osei snol ogy
allows us to explore
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June 6th, 2020 - 1
sci ence and the

uni verse a brief
tour introduction 1
1 the nature of
astronony 1 2 the
nature of science 1
3 the laws of nature
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consequences of
light travel tinme 1
6 a tour of the
universe 1 7 the
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uni verse of the very
small 1 9 a
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interaction with the
earth plasm
processes in both

t he sol ar and

magnet ospheric

cont ext'

" hel i osei snol ogy and
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hel i osei snology is a
fancy way of saying
that we can | earn
about the sun by
listening to it
astononers listen to
the sun s heart beat
to | earn about the

i nside of the sun
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sei snol ogi sts | earn
about the interior
of the earth by
listening to
ear t hquak
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types of solar
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academ ¢ room
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2' ' hel i osei snol ogy
May 21st, 2020 -

hel i osei snol ogy a
term coi ned by
dougl as gough is the
study of the
structure and
dynam cs of the sun
through its
oscillations these
are principally
caused by sound
waves that are
continuously driven
and danped by
convection near the
sun s surface
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stanford university
June 3rd, 2020 -

hel i osei snol ogy is
currently the best
nmet hod for verifying
t hose theories and

f or under st andi ng
the structure and
interior processes
within a star
according to
standard sol ar
nodel s the sol ar
structure | ooks |ike
the follow ng the
sun is a sphere of
solar radius r 6 96
10 10 centineters



initially posed by
mass of about 70
hydr ogen'"'

hel i osei snol ogy

wi ktionary

May 19t h, 2020 -

hel i osei snol ogy
uncount abl e the
study of the
propagati on of
pressure waves in
the sun 1989 john n
bahcal I neutrino
astrophysi cs
canbridge university
press page 104

hel i osei snol ogy |i ke
terrestrial



sei snol ogy provides
i nformati on about
the interior of the
body under study by
usi ng observati ons
of slight notions on
t he surface

"time distance
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for

May 16th, 2020 -
marily used for

hel i osei sm ¢
analysis to

i nvestigate the
interior structure
and dynam cs of the



sun hel i osei snol ogy
data anal ysi s

pi pelines are

pl anned for near
real tine anal yses
of the observations
in order to provide
the anal ysis results
to the

hel i osei snol ogy and
sol ar physics

muni ties’

" hel i osei snol ogy
nasa marshall sol ar
physi cs

May 27th, 2020 -

hel i osei snol ogi sts
can use the



properties of these
waves to determ ne
the tenperature
density position and
notion of the
interior of the sun
a nunber of
fascinating

di scoveri es have
been made in the

| ast few years using
t he science of

hel i osei snol ogy’
'citeseerx

hel i osei snol ogy and
the solar interior
dynami cs

March 28th, 2020 -



hel i osei snol ogy al so
gives information on
the internal solar
rotation while
differenti al
rotation exists in

t he convection zone
solid rotation
prevails in the

radi ati ve zone and
the transition | ayer
the so called
tachocline is very
smal | these effects
are di scussed
together with the
ast r ophysi cal
constraints on the



sol ar neutrino
fl uxes'

" hel i osei snmol ogy and
the sun s interior
ast ronony

May 26th, 2020 -

hel i osei snol ogy and
the sun s interior
abstract

hel i osei snol ogy is

t he study of the
solar interior using
observati ons of
waves on the sun s
surface sol ar
oscillations the sun
s oscillations are



observed in |ine of
si ght doppl er

vel ocity

nmeasur enents over
the visible the sun
S

i nternal’

hel i osei snol ogy nso
nati onal sol ar
observat ory

May 6th, 2020 -

hel i osei snol ogy is
the study of the sun
usi ng acoustic sound
waves the surface of
the sun known as the
phot osphere is the
point at which |ight



can no | onger
penetrate so we
cannot see inside

t he sun however the
sun is full of sound
waves bounci ng of f

t he underside of the
the surface in
regul ar patterns
scientists have
devel oped delicate
and pl ex techni ques
to neasure these
sound'

"sone glinpses from
hel i osei snol ogy at

t he dynam cs of the
February 12th, 2020



- hel i osei snol ogy
has taught us a
great deal about the
stratification and
ki nematics of the
solar interior
sufficient for us to
enbar k upon

dynam cal studies
nore detailed than
have been possible
bef ore’

'perspectives in

hel i osei snol ogy

sci ence

Sept enber 6th, 2019
- helioseisnology is



probing the interior
structure and
dynam cs of the sun
wi th ever increasing
preci sion providing
a well calibrated

| aboratory in which
physi cal processes
can be studi ed under
conditions that are
unattai nabl e on
earth nearly 10
mllion resonant
nodes of oscillation
are observable in

t he sol ar at nosphere
and their
frequenci es need to



be known with great
accuracy in order
to'

" hel i osei snol ogy aip
conf erence
proceedi ngs vol 919
no 1

April 1st, 2020 -
hel i osei snol ogy is
the study of solar

i nterior using
frequenci es of sol ar
oscillations
frequenci es of
nearly half a
mllion resonant
nodes of



oscillations have
been neasured each
of these node is
trapped in a
different region of
the solar interior
and hence its
frequency is
sensitive to
structure and
dynam cs in the
correspondi ng
region''solar
neutri nos

hel i osei snol ogy and
the solar interna
May 26th, 2020 -
sol ar neutrinos



hel i osei snol ogy and
the solar interna
dynami cs 11 and the
monmentum of a
neutrino are
opposite and ?

pr oduce
antineutrinos of
right helicity same
direction for the
spi n and'

" hel i osei snol ogy
chal | enges nodel s of
sol ar convection
pnas

April 26th, 2020 -
whenever

hel i osei snol ogy



opens a new w ndow
into the solar
interior surprises
are possible the
wor k of hanasoge et
al 2 is perhaps the
nost not abl e

hel i osei snol ogy
result since the

| aunch of the

hel i osei sm ¢ and
magneti c i mager hmi
5 on board the

nati onal aeronautics
and space

adm nistration s
sol ar dynam cs
observat ory sdo



"scientific insights
from soho 2003 2005
hel i osei snol ogy

May 17th, 2020 -
changes in the | arge
scal e dynam cs
subsurface sol ar
weat her with the

sol ar cycle new

met hods of | ocal

hel i osei snol ogy tine
di st ance

hel i osei snol ogy

hel i osei sm ¢

hol ography and ring
di agram anal ysi s
provi de uni que three
di nensi onal vi ew of



the solar interior
the 3 d i magi ng of
the solar interior
requires

uni nterrupted series
of stabl e’

"sol ar neutrinos
hel i osei snol ogy and
t he solar interna
April 8th, 2020 -
sol ar neutrinos

hel i osei snol ogy and
t he solar interna
dynam cs sol ar
neutri nos

hel i osei snol ogy and
t he solar interna



dynam cs but their
masses are still
unknown and the
research on the
solar interior
focuses on the

dynam cal aspects
and on the signature
of dark matter the
magneti ¢ nonent of

t he neutrino begins
to be an actor
in"'sounding the sun
hel i osei snol ogy

June 3rd, 2020 -

hel i osei snol ogy is
the study of the
interior of the sun



from observati ons of
t he vibrations of
its surface and
dynam cs of the
interior of the

cl osest star

i ncl udi ng sunspots
t he hel i odynano and
the sol ar cycle
progress in the
sol ar neutrino
probl em

' 1009 0852 sol ar
neutri nos

hel i osei snol ogy and
t he sol ar

July 18th, 2018 -
title sol ar



neutri nos

hel i osei snol ogy and
the solar interna
dynam cs authors s
turck chieze s

couvi dat subm tted
on 4 sep 2010 v1

| ast revised 24 jun
2011 this version
v2' ' hel i osei snol ogy
and dynam cs of the
solar interior mj
May 24th, 2020 - the
articles republished
in this book survey
and summari ze recent
research in

hel i osei snol ogy as



wel | as studies of
the interior
structure dynam cs
and magneti sm of the
solar interior that
are being tested and
refined using the
hel i oseism c results
hel i osei snol ogy has
in the |ast few
decades’

' open phd project
nodel i ng rossbhy
waves in the solar
interior

May 11th, 2020 -

t heoretical and or
numeri cal project



nodel i ng rosshy
waves in the sun the
sun s pl ex dynam cs
is controlled by
buoyancy and
rotation in the
convection zone and
by magnetic forces
in the atnosphere
and corona an
expected but el usive
ponent of the sol ar
interior dynam cs
are waves of
vorticity due to the
coriolis force known
as rossby waves'
'soho gal l ery best



of soho solar and
hel i ospheri c

June 1st, 2020 -
nmeasurenents of the
sun s oscillations
provi de a w ndow
into the invisible
interior of the sun
all owi ng scientists
to infer the
structure and
position as well as
the rotation and
dynam cs of the
solar interior

downl oads full size
i mage j pg 227k
medi um si ze i nage



] pg 79k hi

resol ution size
image tif 258k''the
sun s interior
structure and
dynam cs and the
sol ar

February 13th, 2020
- the sun s interna
structure and
dynam cs can be
studied with

hel i osei snol ogy

whi ch uses the sun s
natural acoustic
oscillations to
build up a profile
of the sol ar



interior we discuss
how sol ar acoustic
oscillations are
affected by the sun
s magnetic field
careful observations
of these effects can
be inverted to
determ ne the
variations in the
structure and
dynam cs of the sun
S interior as the
sol ar cycle

pr ogr esses’

" hel i osei snol ogy
revealing the sun s



internal structure
May 9th, 2020 -

hel i osei snol ogy has
really blossonmed in
t he past 30 years

t hough its roots can
be traced back to
observati ons of
oscillatory notions
of the sun s

phot osphere in the
early 1960s and the
t heoreti cal

expl anati on and
subsequent

observati onal
confirmation of the
nodal nature of



t hose oscillations
in the first half of
the 1970s'

''nso gong

hel i osei snol ogy
June 2nd, 2020 -

hel i osei snol ogy
utilizes waves that
pr opagat e t hr oughout
the sun to nmeasure
for the first tinme
the invisible
internal structure
and dynam cs of a
star there are
mllions of distinct
resonating sound



waves seen by the
doppl er shifting of
light emtted at the
sun s surface'
'citeseerx

hel i osei snol ogy
April 18th, 2020 -
abstract

oscill ations
detected on the

sol ar surface
provi de a uni que
possibility for

i nvestigations of
the interior
properties of a star
t hrough naj or
observati onal



efforts including
ext ensi ve
observations from
space as well as
devel opnent of

sophi sticated tools
for the analysis and
interpretation of
the data we have
been able to infer
the |l arge scal e
structure and
rotation of the

sol ar'

‘sol ar dynam cs and
magneti smfromthe
interior to the



May 28th, 2020 -
product information
di scusses recent
advances and new
problens in the
exploration of the
sun s interior
structure sol ar
dynam cs and dynano
nmechani sms of
sunspot and active
regions formation
sources of sol ar

i rradi ance
variations and |inks
bet ween t he
subsurface dynam cs
flaring and cne



activity''

hel i osei snol ogy
chal | enges nodel s of
sol ar convecti on
Decenber 20th, 2016
- whenever

hel i osei snol ogy
opens a new W ndow
into the sol ar
interior surprises
are possible the
wor k of hanasoge et
al 2 is perhaps the
nost not abl e

hel i osei snol ogy
result since the

| aunch of the

hel i osei sm ¢ and



magneti c inmager hm
5 on board the

nati onal aeronautics
and space

adm nistration s

sol ar dynam cs
observatory
sdo' ' advances in

hel i osei snol ogy

sci ence

Sept enber 7th, 2019
- globally coherent
oscill ati on nodes
were di scovered in
the sun about a
decade ago providing
a uni que

sei snol ogi cal probe



of the solar
interior current
observati ons detect
nodes that are phase
coherent for up to 1
year with surface
vel ocity anplitudes
as |low as 2
millinmeters per
second and t housands
of node frequencies
have been neasured
to accuracies as
high as 1 part in
105’

" hel i osei snol ogy
probing the interior



of a star

January 9th, 2017 -
t he sci ence of

hel i osei snol ogy is
t hus the study of
the solar interior
usi ng p nodes as
probes of its
interior structure
because p node
frequencies are
doppl er shifted by
nmotions in the line
of sight they also
can be used to study
t he internal
dynam cs of the sun
such as interna



rotation and
convect i

on' ' hel i osei snol ogy
astronony definition
meani ng

May 12t h, 2020 -

hel i osei snol ogy in
recent years anot her
met hod of study

hel i osei snol ogy has
been devel oped to
determ ne interna
conditions in the
sun the sun is
vibrating with a

pl ex spectrum of
frequencies due to

t he propagation of



resonant sound waves
through its outer

| ayers

hel i osei snol ogy

t hese sound waves
and the nodes of

vi bration they
produce can be used
to probe the
interior of the sun'

" hel i osei snmol ogy and
the solar interior
dynam cs

May 2nd, 2020 - in
paral | el

hel i osei snol ogy has
shown that the



transition from
differential
rotation in the cz
to al nost uniform
rotation in the

radi ati ve sol ar
interior occurs in a
shal | ow | ayer called
t he' ' hel i osei snol ogy
wkimli the free
encycl opedi a
Decenber 8th, 2019 -
an inverse problem
must then be sol ved
to infer the | oca
structure and
dynam cs of the
solar interior



hel i osei sm ¢

hol ogr aphy

i ntroduced in detai
by charles |indsey
and doug braun for
t he purpose of far
si de magnetic
imging is a special
case of phase
sensitive

hol ogr aphy’

‘sol ar dynam cs and
magneti smfromthe
interior to the

May 7th, 2020 -

di scusses recent
advances and new
problens in the



expl oration of the
sun s interior
structure sol ar
dynam cs and dynano
mechani sns of
sunspot and active
regions formation
sources of solar

i rradi ance
variations and |inks
bet ween t he
subsurface dynam cs
flaring and cne
activity nasa s

sol ar' ' sol ar
dynam cs and
magneti smfromthe
interior to the



May 29th, 2020 - dr
rudol f kommis a
research scienti st
at the national
sol ar observatory
and a | eadi ng expert
i n heliosei snol ogy
dynam cs of the

sol ar convection
zone and the sol ar
activity cycle dr
dana | ongcope is a
prof essor at the
physi cs depart nent
of nontana state
university and the
2003 wi nner of the
karen harvey prize



fromthe sol ar
physi cs'
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