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Requirements for instrumentation

Photospheric radiatiolg ground-based
Instrumentation (needs good seeing etc.)

To study emission from all parts of the solar
atmosphere above the photosphere, we need
space instrumentatiorsensitive to the UV
(sometimes called vacuum ultraviolet = VUV)
down to soft Xray wavelengths.

An ideal instrument has good temporal, spatial,
and wavelength resolution.

Generally we have to compromise on at least 2
of these. z



ltems to consider for spacecraft
Instruments

Once built and launched, a spacecraft instrument
cannot (or cannot easily) be mended if it goes
wrong!

The best instruments have fewest moving parts.

When building a spacecraft instrument, do not
iInclude fuses or lighAbulbs, they are liable to blow!
There Is nothing you can do about it when they do.

Electronics should be robust and able to withstand
strong particle radiation (cosmic rays, solar
energetic particles, Earth particle radiation belts).
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Spectrometer resolution

Spectrometer resolution= ability to separate (or
resolve) two narrow spectral lines (symbol
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Ultraviolet spectrometers

A spectrometerconsists of a narrow slit (or entrance
aperture), a dispersive element (i.e. disperses into
constituent wavelengths), a focusing element, and a
detector.

For ultraviolet wavelengths, often have a spectrometer
(or spectrograph if photographic film is used) that
has aconcave diffraction gratindthe dispersive
element).

If the radius of the grating Is R, then form a circle with
radiusR/2 ¢ the Rowland circle

With radiation entering via a slit on the Rowland circle,
a focused image of the slit will appear along the
circle. 5



Grating geometry

Focused image
of slit E
appears at
wavelengths ay
I & along the
Rowand circle

~

U=incidence angle, a = angle of reflection



Spectra with images of Sun

Both Hinode/EIS and SOHO/CDS are examples
stigmatic spectrometers, along the
spectrometer slit we have a focused image of
the Sun.

So we can get spectra of different parts of the
Sun along the slit (e.g. some parts may be
bright points, others not so bright).



Example of a CDS observation of :
solar flare

CDS observation of a
flare in 2001¢ slit
covers part of flare
ribbon but also non
flaring regions. Slit
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Soft Xray spectrometers

The first Xray spectrometers were broabland,
l.e. only crudely resolved spectral lines.

Later, high spectral resolution was achieved witt
crystal spectrometerswith Xxrays being
diffracted by the atoms of a crystal, e.g. LiF.

Technology now being developed that enables
the heat generated by an incomingray
photon in a cryogenically cooled medium to
be measuredmicrocalorimeters

Broadband instrumentsstill widely used (GOES,
RHESSI, SphinX)
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GOES Instrumentation

GOES = Geostationary Operational Environmental Satellite
In geostationary orbits (i.e. 36 000 km above the Earth).

Operated by the US National Oceanic and Atmospheric
Administration (NOAA).

Several in orbit so that there is generally always one within
reach of a tracking station.

Two channelsd.5t n andlt y , from which flare
temperatures can be deduced. Detectors are ion
chambers: Xay photons produce a voltage pulse which
IS counted by electronics.

Flare importance fromdy ) O CLE 318 3/ ¥ 10,
X1=160'W m2.

During the recent deep minimum, solar flux levels were
around A or BA1 = 1@, B1 = 10 W n12). 10



GOES measuredrdy emission over a-3
day period in 2000.
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Bragg crystal spectrometers

Bragg diffraction occurs when X-rays are incident
on a crystalline solid and are scattered by atoms in
the crystal lattice.
When the scattered waves interfere constructively,
they remain in phase and so can be observed by an
X-ray detector.
If d = lattice plane separation, condition for
constructive interference Is

2d sin® =n<
where a-Is the X-ray wavelength.
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Scanning crystal spectrometer: The FCS o
Solar Maximum Mission (1980989)
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Reuven Ramaty Higknergy Solar
Spectroscopic Imager (RHESSI)

Germanium
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RHESSI spacecraft spins 1 rotations/4s. Collimators in front of

each of 9 detectors modulate the X-ray/gamma-ray signal on

Sun. Image reconstruction is via algorithms available in

RHESSI software package in SSWIDL . ”



Sunlike stars: spectroscopy



Evidence for solar activity in visible spectrum

Sunlike stars are stars which show similar
characteristics to the Sun: have coronae,
chromospheres, and flares.

¢KS {dzyQa ©OArAairofsS aLIS
evidenceof a hightemperature
chromosphere, even less of a very hot corona

The only (very subtle) evidence is that strong
absorption spectral lines of ionized Ca*)&a
theCallHandKlingso dpbcy | YR o
have profiles showing emission peaks arising
In the chromosphere.



Solartype stars

Many stars with cooler effective temperatures than
{ dzy Q& &K B HandiKliSes as strong
emission lines not absorption lines at all.

Even thed" and otherBalmerlines of H are
commonly in emission for such stars.

These stars are normally very dim, cool dwarf stars
at the bottom of the HR diagrant they are
calleddM stars.

If adM star has thed" line in emissionthen itis
called adMe starr.

There are correspondingKanddKestars
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Properties of dMe stars

Photospheridemperatures may be so low
(<3000 K) thaioleculesform ¢ e.g.TiO
(titanium oxide) ZrO(zirconium oxide) plus

more usua
Visiblelight s

molecules like,H
pectra show emission mostly in red

part of spectrum, with strongdiOor ZrO
Y2f SOdzft  NJ aol yRa&e gAl
¢ Ca ll H and KPHand otherBalmerlines.

Very oftendMe stars are in binary systems, e.g.

A

Microscopii(A

Mic), which consists of two

dM4.5e stars orbiting around each other.



X-ray and ultraviolet emission from stars

Spacecraft from the 1970s showed that many stars
emitted ultraviolet and Xay radiation.

alye 2F G4KSaAS adl NaBA | NB
spectral types (F, G, K or M). The coolest stars are o
type M5 (T4 = 2800K).

Their UV spectra show emission lines (ike/o m p p 5
emitted at ~10 K),He [l6 o n n 4K) and arg1strong
X-ray emitters (so indicating coronae, k0107 K).

Very often these stars sholrge flares with total flare
emission >> the emission from the star itself.

All this suggests these stars have lamgegnetic fields
producing coronae, chromospheres and flares.
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UV & visiblelight spectrum of ATMIc
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Generation of magnetic fields:
dlfferentlal rotation and convection

cyclonic motion twists field line

Coriolis forces twist field (sense
shown is for S hemisphere).

These diagrams are for
the Sun, but processes

like these must occur
Differential rotation over a for Sun-like stars.
solar cycle (Babcock model). 21

Z@\ Convection current carries
: @ Q magnetic field upwards while



Stellar activity and spectral type

X-ray coronae and flares are evident in main
seguence stars witbpectral type of F@nd later.

This Is because for such stars convection starts to [
Important.

Very cool stargM stars of theJV Cetitype) have
the most pronounced flaring activity=T £ | NI
aul NRAeod

The most activelM anddKstars are those with

rapid rotation rates which suggest youth (i.e.
recently formed from a gas cloud).
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HR diagram for nearby stars
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Stellar flares

Flare on Kruger 60B i Kruger 60 is a

binary system with two dM stars.

Kruger 60B is a flare star. Successive
exposures are 2 1 minut e:
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