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High	  resoluLon	  Coronal	  Imager	  (Hi-‐C)	  	  
•  Collabora(on	  between	  UCLan	  and	  NASA	  Marshall	  Space	  Flight	  Center	  (MSFC),	  University	  of	  

Alabama	  –	  Huntsville	  (UAH),	  Smithsonian	  Astrophysical	  Observatory	  (SAO),	  Lockheed	  Mar(n	  Solar	  
and	  Astrophysical	  Laboratory	  (LMSAL),	  Southwest	  Research	  Ins(tute	  (SWRI),	  Lebedev	  Ins(tute	  (LI)	  

•  Hi-‐C	  is	  a	  narrowband	  EUV	  imager	  centered	  on	  193	  Å.	  
•  Launched	  July	  11,	  2012,	  White	  Sands	  New	  Mexico	  
•  345	  seconds	  worth	  of	  data	  
•  Pixel	  size	  =	  0.1”;	  spa(al	  resolu(on	  of	  	  Hi-‐C	  is	  five	  (mes	  beYer	  than	  AIA	  .	  
•  Cadence	  =	  5.5s;	  Hi-‐C	  is	  2.5	  –	  6	  (mes	  beYer	  than	  AIA;	  FOV=	  7’x7’	  

	  

Dots	  
Filament	  •  25	  Journal	  papers	  published	  (including	  Nature)	  

	  UCLan	  involvement	  
•  Purchased	  camera	  (Apogee)	  
•  So]ware	  for	  controlling	  the	  camera,	  interfacing	  with	  the	  rocket	  itself.	  
•  Data	  available	  via	  VSO.	  
•  Post	  Hi-‐C	  (1)	  have	  one	  camera	  at	  MSFC,	  one	  at	  UCLan.	  



Hi-‐C	  2	  Flight	  2017	  
	  
•  Science	  goal-‐	  iden(fy	  the	  mass	  and	  energy	  connec(on	  

between	  the	  chromosphere	  and	  corona	  
	  
•  ModificaLons	  from	  original	  Hi-‐C	  

	  1.	  pass-‐band	  coa(ng	  171	  Angstroms	  
	  2.	  new	  camera	  with	  significantly	  lower	  readout	  noise	  (CLASP).	  

	  
	  

	  

•  Coordinated	  observa(ons	  with	  IRIS	  and	  Hinode	  
•  5	  minute	  observa(onal	  window	  
•  0.25”	  resolu(on	  likely	  with	  4.2s	  cadence,	  FOV=	  7’x7’	  
	  
UCLan	  involvement	  
•  so]ware	  for	  controlling	  the	  camera,	  interfacing	  with	  the	  

rocket	  itself.	  
•  Aspects	  of	  cooling	  control	  during	  flight.	  



Hi-‐C	  2.1	  Flight	  2018?	  

•  Coordinated	  observa(ons	  with	  IRIS	  and	  
Hinode	  

•  5	  minute	  observa(onal	  window	  
•  0.25”	  resolu(on	  likely	  with	  4.2s	  cadence,	  

FOV=	  7’x7’	  
	  
UCLan	  involvement	  
•  target/image	  recogni(on	  work.	  

	  
•  Science	  goal-‐	  iden(fy	  the	  mass	  and	  energy	  connec(on	  

between	  the	  chromosphere	  and	  corona	  
	  
•  ModificaLons	  from	  original	  Hi-‐C	  

	  1.	  pass-‐band	  coa(ng	  171	  Angstroms	  
	  2.	  new	  camera	  with	  significantly	  lower	  readout	  noise.	  

	  
	  

	  

Figure 11: Multiple views of the bulkhead connector on the cable that runs from the vacuum
bulkhead to the shutter drive control box.

encountered this problem in the past despite using this type of connector on Hi-C 1, SUMI 1 & 2,
and CLASP. Once the cable was replaced with a new one, the shutter and camera system performed
as expected.

3.2.2 Mitigation Plan
For Hi-C 2.1, several steps will be taken to mitigate the possibility of this occurring in the

future. First, we will add a Hall-e�ect sensor on the shutter drive signal, allowing us to detect the
signal from the mechanical opening and closing of the shutter for tests on ground and during flight.
It is current procedure to check all electrical connections on both sides of the vacuum bulkhead,
and at each of the control boxes in the avionics section prior to final install. Additionally, if any
of the connectors is found to have backed out, each of the pins in that cable will be tested for
pin-to-shield shorts and expected impedances prior to flight. Finally, a comprehensive functional
test plan, including verification of the shutter operation, will be established and performed multiple
times at MSFC and WSMR.

For Hi-C 1 and 2, we did not have an established procedure to test the entire experiment after
the focal plane filter had been installed. The delicate focal plane filter, which limits the light to a
narrow EUV bandpass, is installed just prior to payload vibration testing, and necessitates removal
of the camera and breaking of the connections between the experiment and the avionics section.
During our post-flight investigations, we found and began to test a light source that now makes it
possible to detect light on the sensor with the focal-plane filter in place. Thus, the main component
of our mitigation plan is to fully implement an end-to-end test in visible wavelengths with the focal
plane filter installed, so that we have a well-defined test of the entire system during the pre- and
post-vibration sequence tests.

The cable repair and addition of a Hall-e�ect sensor will happen before ATP. Additionally,
a small change in the software configuration file will be made so the Hall-e�ect sensor can be
included in the Health and Status display on the GSE for ground testing and during flight.
3.3 Data Distribution and Policy

One of the reasons for the success of Hi-C 1 was the distribution of the data to the solar physics
community. For Hi-C 2.1, we will again process the data to the various levels of data files and make
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The Marshall Grazing Incidence X-ray Spectrometer 
(MaGIXS) 2019 
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X-‐ray	  spectroscopy	  provides	  unique	  capabiliLes	  for	  answering	  fundamental	  ques(ons	  in	  
solar	   physics	   since	   it	   is	   dominated	   by	   emission	   lines	   formed	   at	   high	   temperatures	   –	  
par(cularly	  in	  the	  wavelength	  range	  of	  6	  –	  25	  Å,	  which	  has	  strong	  lines	  from	  Fe	  XVII	  –	  Fe	  
XXV	  and	  other	  important	  diagnos(c	  lines.	  

The	  MaGIXS	  mission	   is	  complementary	  to	  an	  instrument	  like	  the	  Focusing	  OpLcs	  X-‐ray	  
Solar	  Imager	  (FOXSI),	  which	  observes	  higher	  energy	  (harder)	  X-‐rays	  than	  MaGIXS;	  to	  be	  
able	  to	  track	  the	  thermaliza(on	  of	  the	  plasma	  and	  accelera(on	  of	  par(cles.	  

Yet,	   not	   since	   the	   1970’s	   have	   solar	   spectra	   in	   this	   wavelength	   range	   been	   spa9ally	  
resolved.	  

Using	   a	   novel	   implementaLon	   of	   correcLve	   opLcs	   and	   a	   revolu(onary	   concept	   for	  
grazing	  incidence	  imaging	  spectroscopy,	  MaGIXS	  will	  measure,	  for	  the	  first	  (me,	  the	  so]	  
X-‐ray	  solar	  spectrum	  from	  6	  –	  24	  Å	  with	  ~5/6”	  resolu(on	  (2.8”/pixel)	  over	  an	  8’	  slit.	  	  

Scientific Motivation  



Scientific Motivation  

What	  is	  the	  frequency	  of	  heaLng	  in	  acLve	  region	  structures?	  
	  
MaGIXS	  will	  make	  four	  unique	  observa(ons	  that	  will	  determine	  the	  frequency	  of	  hea(ng	  in	  
quiescent	  ac(ve	  region	  structures:	  
	  
1. Rela(ve	  amount	  of	  high	  temperature,	  low	  emission	  measure	  plasma	  
2. Elemental	  abundances	  in	  different	  solar	  structures	  along	  the	  slit	  (FIP)	  
3. Temporal	  variability	  of	  high	  temperature	  plasma	  observed	  in	  Fe	  XVII	  (with	  XRT)	  
4. Likelihood	  of	  non-‐Maxwellian	  distribu(ons	  (Fe	  XVIII	  ra(os;	  94Å	  AIA)	  
	  

	  	  
Low-‐frequency	  heaLng	  (e.g.,	  magneLc	  reconnecLon):	  

	  Enhanced	  high	  temperature	  (>	  7	  MK)	  plasma	  
	  FIP	  bias	  ~	  1	  
	  Dynamic	  Fe	  XVII	  emission	  
	  Evidence	  for	  non-‐Maxwellian	  plasma	  distribu(on	  

High-‐frequency	  heaLng	  (e.g.,	  waves	  dissipaLon)	  :	  
	  LiYle	  to	  no	  high	  temperature	  plasma	  
	  FIP	  bias	  >	  1	  
	  Steady	  Fe	  XVII	  emission	  
	  Maxwellian	  plasma	  distribu(on	  
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López	  Fuentes	  &	  Klimchuk	  2010;	  Van	  Ballegooijen	  2012;	  Warren	  et	  al.	  2012,	  Winebarger	  et	  al.	  2011;	  Tripathi	  et	  al.	  2011,	  Viall	  &	  Klimchuk,	  2013	  

Observation : Relative amount of  high temperature plasma 

Simulated	  ac(ve	  region	  core	  using	  EBTEL:	  
	  -‐	  Random	  hea(ng	  events	  
	  -‐	  Hea(ng	  event	  cadence	  1575	  s	  	  
	  	  	  	  versus	  6300	  s	  

	  
Expected	  emission	  quite	  different	  at	  higher	  
temperature	  lines.	  

High-‐frequency	  heaLng	  consistent	  with	  wave	  
dissipa(on.	  
	  
Low-‐frequency	  heaLng	  consistent	  with	  
magne(c	  reconnec(on	  
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Current instrumentation “blind” to high-temperature, low-emission plasma 

”Blind	  spot”	  for	  high-‐T,	  
low-‐emission	  measure	  
using	  Hinode’s	  XRT	  and	  
EIS,	  so	  rela9ve	  
amounts	  of	  these	  
plasma	  popula(ons	  are	  
not	  accurately	  known.	  
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Current instrumentation “blind” to high-temperature, low-emission plasma 

Only	  in	  the	  so]	  X-‐ray	  
wavelength	  range	  of	  
MaGIXS	  can	  we	  observe	  
the	  Fe	  XVII/XVIII/XIX/XX	  
spectral	  lines	  and	  other	  
high-‐temperature	  lines	  
on	  the	  same	  detector	  
through	  the	  same	  
op(cal	  path.	  	  
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Simulate high-temperature, low-emission plasma 

11	  

Quiescent	  AR	  core	  (el	  
Zanna	  &	  Mason	  2014)	  -‐	  
CHIANTI	  v.7.1	  
FIP	  bias=3.2	  abundances	  -‐	  
MAGIXS	  1st	  order	  (black)	  
and	  second	  (red)	  



Science Traceability Matrix 

1)	  The	  relaLve	  amount	  of	  high-‐
temperature	  plasma	  in	  
different	  solar	  structures.	  

2)	  The	  elemental	  abundances	  in	  
different	  solar	  structures.	  

3)	  The	  temporal	  variability	  at	  
high	  temperatures	  in	  different	  
solar	  structures.	  

4)	  The	  likelihood	  of	  Maxwellian	  
or	  non-‐Maxwellian	  
distribuLons.	  
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Telescope:	  	  	  	  
Wolter	  Type-‐I	  
Effec(ve	  Focal	  Length	  ~	  1	  m	  

Spectrograph:	  	  Two	  matched	  
parabolic	  mirrors	  +	  Gra(ng	  
•  6.0	  -‐	  24.0	  Å	  (0.5	  -‐	  2.0	  keV)	  	  
•  11	  mÅ	  /	  pixel	  	  
•  2.8	  arcsec	  /	  pixel	  	  

Gra(ng:	  	   	  Blazed	  Planar	  Varied	  
Line	  Space	  	  

Technical	  challenges:	  
1)  Op(cs	  manufacturing	  
2)  Gra(ng	  Development	  and	  

Manufacturing	  
3)  Alignment	  	  

MaGIXS Instrument Design 

Telescope(mirror(
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Figure 7: The MaGIXS mechanical layout.

MSFC has a long history of development of these type of optics and has fabricated X-ray
mirror systems for balloon, rocket and satellite payloads. Seven mirror modules containing over 200
individual mirrors are about to be delivered to the Russian Space Research Institute for inclusion
in the ART-XC instrument on the Spectrum-Röntgen-Gamma mission (Gubarev et al., 2013), and
seven modules with 55 mirrors are being delivered to the University of California Berkeley in late
summer 2014 for the FOXSI payload (Krucker et al., 2013). All aspects of mirror production can be
carried out at MSFC, which has extensive infrastructure for X-ray optics development, fabrication,
and testing.

Seven nested shells of MSFC-generated optics made for FOXSI achieved a FWHM of 4.300

(Kruker et al., 2014, ApJ Letter, in press). We expect to achieve better than this with single shell
optics for MaGIXS. Additionally, because we are using a reflective grating, only 34� of the optic
will project light onto the grating. Because we are only interested in a small portion of the mirror
performance, we will use the metrology of the mirrors to select the best segment. We will add
a segment selector in the optical path that will act as a ba✏e to reduce any stray light into the
detector. This segment selector is in the spectrograph portion of the instrument and will be added
after alignment activities.
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Launch Summer 2019 

•  Compelling	  reasons	  to	  con(nue	  to	  pursue	  X-‐ray	  spectroscopy	  in	  the	  
so]	  X-‐ray	  wavelength	  range	  for	  longer	  term	  missions.	  

•  The	  technological	  advances	  from	  MaGIXS	  development	  are	  far-‐
reaching.	  

•  MaGIXS	  will	  fly	  from	  White	  Sands	  Missile	  Range	  in	  summer	  2019.	  
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