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Milo Buitrago-Casas

FOXS‘ Una forma novedosa de observar
rayos-X duros del Sol

Sl '
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¢, Por qué estudiar el Sol?

Explosiones solares en rayos-X

Nuevas tecnologias y hallazgos en la
observacion del Sol



¢,Por que estudiar el Sol”

oMo nunc

>

w‘.e : Wi

Shtaa =

3




4

c 0 9 eltiempo.com/vida/cienc ajuna-tormenta-solar-golpearia-sin-riesgo-.. & OBA

ELTIEMPO | = f

ET Unatormentaesolargolpearia, - X <

¥ A = | Unatormentasolargolpeariaala Tierraestasem:ana

B suscnisnue INICIAR SES ON 1S NOTICIAS

Una tormenta solar golpearia a la Tierra esta

selalla

Agercias de monitareo reportan un evento entre el 23 y 24 de febrero. ;Hay riesgo? Aca le contamos.

N S o . N - i
La Oficina Nacional® T . TR psrerica (Nooz, por sus siglas
en inglés) anuncié quez un peaible tormenta geomagnética podria gznerarse en la
Tierra eatre 21 martes 23 y el miércoles 24 de febrero.Er otras noticias de ciencia: As!

suens Maite grabado por el 10ver Perseverance

Temas relacionados

Ponte al dia Lo mas visto
OX47A WM. JELAPRRICIOOS EN COL
Lzs escuras histonas detras
de 1a desaparicion de ninos
er. Colcmbia
1oZAA M IACUNACION COVID COLOMIMA

Asi ce distribuirdn, region por -
region, las 192.000 vacunas de
Sinova:




ué estudiar el Sol?

oddard/2020/rocket-borne-telescope-detects-super-fine-strands-on-the-sun



https://www.nasa.gov/feature/goddard/2020/rocket-borne-telescope-detects-super-fine-strands-on-the-sun

Solar Orbiter
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Particulas energeéticas solares

1 Sept 2020 -

< soohon 1 Aug 2020
10ct2020

1Nov2020 e

1Dec2020 - A e / :

QY (f
e \ . '\7?’
1 May 2020 o

7 11un 2020

Credit: Solar Orbiter/EPD (ESA & NASA)



Natonal | T)aniel K. Inouye

Science

Foundation SOlaf TC]CSCOPC

The Incuye Solar Telescope sees large bubbling c2lls the size of
Taxzs but can also see tiny features as small as Manhatzan Island.
This is the first time these tiny features have ever been resclvad.
The Inouye Solar Telescope is showing us thres times more
detzil than anything we've ever seen bafore. For more
nformation about this telescore, visi: www.nso.edu







The first sunspot image taken on
~ Jan. 28, 2020 by DKIST
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EL SOL CO/V\O NUNCA ANTES SE
HABIA OBSER\/ADO




SOHO: 25 anos de observacion solar




SDO: 10 anos de observacion solar




El Sol

como sistema fisico




El Sol como estrella

Estrella G2V (enana amarilla)
Composicion 747% H, 24% He, +...
Energia Fision nuclear
Trans. Energia Radiacion y conveccion
Tem peratura Nucleo:| SZ(CI)?Z ,1Ka;-5|j(o|t(())6$f|2ra: 6x 103 -
Edad 5x10? years
Radio ~700.000 km




;Como es el Sol por dentro?







50,000 km |

Continuum Intensity

2w IP

Line-of-Sight Velocity

42.0 (min)



Flare-seismology

What is a sunquake?  Solar flare
Solar photosphere |
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Submerged Sources of Transient
Acoustic Emission from Solar Flares

Continuum

Intensity

Quiet
Photosphere~

—~Depressed
Shallow- Photosphere
Source Plane

~Deep-
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Ultra-impulsive Solar Flare Seismology
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Abstract

We examine 3 strong, coharent, higkly impulsive acoustic ransiert radiatad into tha solar intarior by the

flare SCL20110730T02:04-M9.3, The acoustic spactrum of this transient extends out to 10 mHz. The fine
diffractior imit of this Figh-frequency camponent of the flare acoustic transient zllows us to discriminate
different sourca components in operation during the flare. Acoust'c-source powear density maps af the 10
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HEmSsfera solar:

CORE CHROMOSPHERE

PHOTOSPHERE CORONA
"

CONVECTION ZONE
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¢Qué es una
fulguracion solar?

Es una liberacion explosiva de
energia magnetica en la corona

> Ekinetic

B~ 0.01










Modelo Estandar de una fulguracion

» Liberacion de energia magnética

» Aceleracién de particulas + calentamiento

» Electrones producen HXR kernels
» Algunas veces Loop-top kernel

» Evaporacion que llena el bucle

Cartoon ins

Carmichael
Sturrock
Hirayama
Kopp
Pneuman




¢ Por qué estudiar el Sol?

Porgque contiene varios procesos fisicos que aun No
entendemos completamente
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Muchas preguntas por resolver

Ca g 3
: €l A Article Talk Read Edit View history
w.,“ % . ~.
wixierpiA LSt of unsolved problems in physics
The Free Encyclopedia From Wikipedia, the free encyclopedia

Astronomy and astrophysics | =dit|

Astrophysical jet
Why do the aceretion discs surrounding certain astronomical
objecig, such as the nuclei of aclive galaxies, emil relativislic jels
along their polar axes?** Why are there quasi-periodic
oscillations in many accretion dises?'2%! Why does the period of
these oscillations scale as the inverse of the mass of the central
object?/?] Why are there sometimes overtones, and why ¢o these
appear at different fraquancy ratios in different objects?=7]

Solar cycle
How does the Sun generate its periodically reversing large-scale
magnelic field? How do olher solar-like stars generale lheir
magnetic fields, and what are the similanties and differences
between stellar activity cycles and that of the Sun?/2%! What
caused the Maunder Minimurm and other grand minima, and how
does the solar cycle recover from a minima state?

Coronal heating problem

Relativistic jet. The environment around the =
AGN where the re'alivislic plasma 's collimated
intc jets which escape along the pole of the
supermassive b'ack hole

Why is the Sun's corona (aimosphere layer) so much hotter than the Sun's surface? Why is the magnetic
reconnection effect many orders of magnitude faster than precicted by standard models?

Diffuse interstellar bands




Corona

Chromosphere _
Convective zonc

Photosphere

www.dkfindout.com/uk/space/solar-system/inside-sun/



https://www.dkfindout.com/uk/space/solar-system/inside-sun/




Frecuencia de Fulguraciones
VS energia térmica
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Gold [1964]; Priest [1982]; Parker [1988]

En un Sol “no-fulgurante”, la mitad de los SXRs
provienen del ~2% de la superficie (regiones activas).
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Credits: NASA
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Ya hemos visto rayos-X muy
energeéticos en explosiones solares!

NuSTAR
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Nno suficiente rango dinamico y sensibilidad



| a necesidad de un
telescoplio mas sensible



Problema del calentamiento coronal

Hipotética causa:

Multiples comparativamente peguenas explosiones que
ocurren todo el tiempo (hanofulguraciones).

.Se pueden observar?
Si, como una tenue emision en rayos-X.

Los telescopios actuales NO tienen la sensibilidad necesaria



Queremos ver rayos-X en peqguenas explosiones solares
Necesitamos telescopios de alta sensibilidad

FOXS

The Focusing Optics X-ray Solar Imager

Telescopio que observa el Sol en rayos
X-rays por enfocamiento directo.

Carga util de un cohete de sondeo

NASA program: Low Cost Access to Space




El reto de enfocar rayos-X con espe|os

Q] Credit: Chandra telescope < aummmm—— )
luz visible rendre 22 - NN\,

mirror

Cohete FOXSI
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FOXSI payload

p— FOXSI implementa nueva tecnologia para reflejar
White Sands Misslle Range rayos X solares y detectarlos en un plano focal.

New Mexico - USA
Dec 11, 2014




Capacidades de FOXSI

Gran Sensibilidad Mejor
Area Efectiva Mejorada Rango Dinamico

Mejor instrumento solar en rayos-X duros

Energy Range 4-15 keV
FOV Y4 Sun (16’ x 16’)
Angular Res. ~9” FWHM
Dynamic ~10 x RHESSI (~100)
Range (for 30” separation)




FOXSI-3

W 47 .
FOXSI_$

Mejoras:

HXR Detectors PhoEnIX Detector

CMOS imaging sensor
New fine-pitch *  Energy range: 0.5-5 keV

CdTe detectors * High-speed data
collection (250 frames/s)

Ishikawa et al. 2017
Higher efficiency First photon-counting

> 10 keV soft X-ray imaging
spectroscopy of the Sun!

New 10-Shell
Froe: 3 10on
Rear; 2.22cm

Old 7-Shell + Col.
o™ 2.88cm [C-357c™
3ar 3. 140

New 10-Shell

=1 3 10cm
[sar 2.62ar

Old 7-Shell + Col.

Frenl 3:.5875cm
Rgar 3, 14om

Old 10-Shell

Front: 3.710em
Fear: 2.62em

Old 7-Shell
Front: 3.75cm
Rezas 3.142m

Old 10-Shell

Front S 10¢r
Rea 2.22cm



Observaciones de FOXSI-3 PhoEnix

PhoEnIX Full Sun Mosaic

0.5-5 keV

Composite PhoEnlIX - AIA 193

Time variation of X-ray photon
number in an active region
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Planes futuros



{ Solar Flare Sounding
fl rocket campaign

para Co-observacion con la Parker Solar Probe













Carta abierta gel 2019

Solar Flare Sounding Rocket Campaign

s peper e s i ma ey orscm e s | @@iMpPana de cohetes sonda

Flase Campaigns for Sounding Rockets

Authored by:

A, Winebaegzr (NASA Marshall Space Fligh: Centar) p a ra eSt u d i a r

L. Clesenear (Universily of Minnesota)
K. Reevus (Srithscnian Astrophysical Cuservalory)

Fulguraciones solares

1. Executive Summary

The sounding recket platform allows instruments and tectnolog es to mature for future satellits
MiSSions, provides an opportunily 10 capture uncus saenific measuremsnts ncl currently . . 7
availedre by other means, and tains lhe next generalion of instrumenla ists, Histencally, solar

SR e s el ot 11 i o en conjuncion con PSP
which is a Busy ranae with [the fGexia ity in scheduling ar changing a lausch time. Additanally.
to launch from tha NASA launch sdo on the southem side of the range, 8 major road and the
White Sands National Monument mus: close starting roughly an hour before the scheduled
launch time. Because of 1Es, stienlists are proviced, al mest, @ one-nour launch winduw and
anmurwon 1o aunch 88 aaﬂy In that wincow a3 coesibla. Thig limted wndow pracudes itha

ability of an instrumant to launch into an evant [ka a salar flam. nsfrumants that are
specifically designed for solar flare ohsarvations therafore cannot be matured through

ol e e i T TR Mar o Sep de 2023 o0 2024

Wae formally reqguest that the Scundmng Rocket Program cffice (SRPO) open an exisling [aunch
range for routine solar flare sounding rocksl campaigns at leaei every other year during sclar

Objetivo:

Uno o mas cohetes se lanzaran después del inicio de una PSP pe”he“O:

fulguracion en momento de maximo acercamiento de PSP | Marzo 17, 2023: Perihelio #15
Septiembre 27, 2023: Perihelio #17
Marzo 30, 2024: Perihelio #19
Septiembre 30, 2024: Perihelio #21

La oficina de cohetes de la NASA Sounding ya ha analizado esta idea y esta de acuerdo en que es factible con
recursos modestos.




Campanas de cohetes propuestas para la convocatoria de la
NASA / LCAS este ano

@ & (Propuestas en Noviembre de 2019)
Hi-C flare

Propuesto para ser lanzado :
*Durante una fulguracion (C5+)
L anzamiento casi-simultaneo. First
*Desde el Poker Flat Research Range, Alaska

FOXSI-4

FOXSI 4 : ' ' H'CFI
!/ o ol I-C Flare i



Objetivo cientifico :
Estudiar electrones acelerados en una fulguracion

PSP

will observe up here

- Radio measurements of Type Il and lll bursts (FIELDS)
* In-situ measurements of particles (ISOIS, SWEAP)

- In-situ measurements of plasma waves generated by passing electron beams (FIELDS)

N

How are these two populations of ?
accelerated particles connected? = \

FOXSI-4 & Hi-C flare

will observe down here
in hard X-rays (from non-thermal e-)
and soft x-rays & EUV (from thermal plasma)







FOXSI-4 Kickoff meeting

desde hace tres meses
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