
•  DKIST	CSP	outlines	specific	science	topics	that	the	telescope	
will	address	in	the	first	2	years	of	opera<ons	(2020/21).	

•  Unique	science	enabled	by	DKIST.	
-  4m	aperture:	resolu<on	(advanced	AO),	photon	collector	
-  Polarimetry:	4	instrument	0.4-5	μm.		
-  Off-axis:	Coronal	observa<ons,	low	stray-light	

•  Consists	of	PI-led	Science	Use	Cases	(observing	proposals).	
-  facilitate	early	science	
-  clarify	opera<ons	and	pipeline	data	processing	needs	
-  CSP	helps	to	focus	data	center	effort	(calibra<ons)	

•  DKIST	CSP:	Community	driven	with	discussion	led	by	the	DKIST	
Science	Working	Group	Chair	(Mark	Rast)	
-  Uses	JIRA	tool	

DKIST	Cri<cal	Science	Plan	(CSP)	
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Daniel	K	Inouye	Solar	Telescope:	The	Team		
	 First	light	instruments	
–  NSO	

•  VBI 	 	 	PI:	F.	Woeger	
–  University	of	Hawaii,	IfA	

•  CRYO-NIRSP	 	PI:	J.	Kuhn	
•  DL-NIRSP			 	PI:	H.	Lin	

–  High	Al<tude	Observatory	
•  ViSP 	 									PI:	R.	Casini	

–  KIS,	Germany,		
•  VTF																				PI:	O.	vd	Luehe	

–  UK	DKIST	Consor<um		
•  Visible	Detectors,		
				PI:	M.	Mathioudakis,	QUB	

DKIST	PI:	
NSO/AURA	

DKIST	Director:	T.	Rimmele		

DKIST	co-Is:		
P.	Goode,	M.	Knoelker,	J.	

Kuhn,	R.	Roesner	



7	years	of	construc<on;	75%	complete	

Cri<cal		Science	Plan	
						The	DKIST:	status	and	<meline	

	





DKIST:	a	transforma<onal	facility			

4m	aperture	à	25	km,	S/N≈104	

Designed	for	simultaneous	mulFline	diagnosFcs	

Designed	for	accurate	and	sensiFve	polarimetry	

Designed	for	Coronal	off-limb	observaFons	
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DKIST:	a	transforma<onal	facility			



•  Four-meter	aperture,	f/2	
•  Alt/azimuth	mount	
•  All	reflec<ng	op<cs	
•  Off-axis	design	(no	spider,	no	central	
obscura<on)		

•  Heat	stop	at	prime	focus:	hard		
					limit	of	5’	FOV	
•  Low-scakered	light	

•  Coronagraph		
•  Lyot	stop	&	limb	occulter	
•  In	situ	clean	&	wash	of	M1	

•  Integrated	adap<ve	op<cs	(on-disk)	
•  High-precision	polarimetry	
•  Clean	room	condi<ons	
•  Service	Mode:	PI	not	present.		
•  Data	available	on-line:	Boulder	DC	

DKIST:	a	transforma<onal	facility			



					Light	Feed	

Heat stop and secondary (M2) 

Gregorian Optical System (GOS) 
secondary focus (limb occulters,  
polarization calibration) 

Primary mirror (M1) 

Coude platform 

Lyot occulter 



DKIST:	a	transforma<onal	facility			



ViSP	
Cryo-NIRSP	

DL-NIRSP	

VTF	

VBI	

HOAO	

						DKIST	as	a	Mul<wavelength	Observatory	

VBI	

FIDO	



•  Sr	I	4607	Å:	ViSP	
•  S/N	10-4	,	short	cadence,	Zeeman	lines	

No. 2, 2007 SCATTERING POLARIZATION OF Sr i l4607 L137

Fig. 1.—Emergent (top panels) and (bottom panels) at the lineQ/I U/I
center of the Sr i l4607 line calculated for three lines of sight in a 3D snapshot
of a realistic hydrodynamical simulation of solar surface convection and ac-
counting for the diffraction limit effect of a 1 m telescope. The positive ref-
erence direction for Stokes Q lies along the vertical direction of the corre-
sponding panel, which for the and cases coincides with them p 0.1 m p 0.5
parallel to the limb of the solar model. Note that we have taken into account
the projection effects by means of which the off-disk-center images appear
contracted by a factor m along the horizontal direction of the figure panels.
Note also that the “surface distances” given in the plots measure the true
separation between the points on the actual surface of the solar model. The
solid-line contours in the panels delineate the (visible) upflowing gran-m p 1
ular regions.

Fig. 2.—Emergent and signals at the line center of the Sr i l4607Q/I U/I
line calculated for a line of sight with in the 3D photospheric model,m p 0.5
but taking into account the Hanle depolarization produced by the microtur-
bulent magnetic field model discussed in the text.

complicated as the two previous ones (see eq. [14] inManso Sainz
& Trujillo Bueno 1999), but in a weakly anisotropic medium like
the solar photosphere, . Note also that at the line centerline 0S ≈ SI 0
of a significantly strong spectral line, an approximate expression
for estimating the emergent fractional linear polarization is

(for ), with the corresponding source-line lineX/I ≈ S /S X p Q, UX I

function values calculated at the atmospheric height where the
line-center optical depth is unity along the line of sight.
It is important to point out that the above-mentioned sym-

metry-breaking effects imply nonzero values for and , which2 2J J1 2
in turn imply nonzero values for and (see eq. [2]). Note2 2S S1 2
also from equations (3) and (4) that their main observable effects
would be nonzero Stokes and signals at the solar diskQ/I U/I
center ( ) and nonzero Stokes signals at any off-disk-m p 1 U/I
center position. Let us now show how large such fractional po-
larization signals are expected to be at three on-disk positions
( , , and ), taking into account the dif-m p 0.1 m p 0.5 m p 1
fraction limit effect of a 1 m telescope (which we have accounted
for through convolution with the Airy function).

3. THE EFFECTS OF SYMMETRY BREAKING ON THE SCATTERING
LINE POLARIZATION

Figure 1 shows the center-to-limb variation of the andQ/I
line-center signals of the Sr i l4607 line, which we haveU/I

obtained by solving the scattering line polarization problem in the
above-mentioned 3D hydrodynamical model without magnetic
fields. We point out that in each panel of Figure 1, there are some
points of the field of view with signals outside the minimum and
maximumvalues thatwe have chosen to optimize thevisualization.
As expected, at and (see the left and middlem p 0.1 m p 0.5

top panels of Fig. 1), the signals are almost everywhereQ/I
positive, because far away from the solar disk center the term
of equation (3) proportional to makes the dominant contri-2S0

bution.4 In the absence of magnetic fields, at variesQ/I m p 0.1
between about 1% and 4%, while the range of variation at

lies between !0.14% and 1.55%. The spatially aver-m p 0.5
aged amplitude is about 2.5% at and 0.5% atQ/I m p 0.1

, in agreement with the results of Trujillo Bueno et al.m p 0.5
(2004). The standard deviations (j) of the fluctuations areQ/I
approximately 0.5% at and 0.3% at . As shownm p 0.1 m p 0.5
in the corresponding bottom panels of Figure 1, the Stokes

signals are very significant, with a typical spatial scale ofU/I
the fluctuation similar to that of , but with positive and neg-Q/I
ative values lying between about!1% and 1% at (withm p 0.5
a ) and between !2% and 2% at (with aj ≈ 0.3% m p 0.1

). Such signals are exclusively due to the sym-j ≈ 0.7% U/I
metry-breaking effects caused by the horizontal atmospheric in-
homogeneities, which are quantified by the tensors and .2 2J J1 2
The spatially averaged amplitudes are not zero, althoughU/I
they are rather small (e.g., at ).AU/I S ≈ !0.03% m p 0.5
The right panels of Figure 1 show that the and signalsQ/I U/I

at the solar disk center ( ) are significant and that they havem p 1
subgranular patterns. In this forward-scattering geometry, both

and have positive and negative values, which are exclu-Q/I U/I
sively due to the symmetry-breaking effects (see eqs. [3] and [4]
for ). In the unmagnetized case of Figure 1, such valuesm p 1
vary between !0.6% and 0.8%, approximately, but with most of
the signals located between !0.2% and 0.2% (with a ).j ≈ 0.1%
As expected, the spatially averaged and values at the solarQ/I U/I
disk center are very small—that is, of the order of 0.001%.
Figure 2 shows results for the case as well, butm p 0.5

assuming a particularly interesting magnetized model charac-
terized by a horizontally fluctuating microturbulent field with

G at all heights within the solid-line contours of theB p 15
right panels of Figure 1 (which delineate the granular upflowing
regions) and by G at all heights outside such solid-B p 300
line contours (which correspond to the downflowing inter-
granular regions). This model implies saturation of the Hanle
effect for the Sr i l4607 line in the intergranular regions of
the photospheric plasma, as suggested by the Hanle-effect in-
vestigation of Trujillo Bueno et al. (2004, 2006). The spatially
averaged amplitude is now about 0.3% (instead of the 0.5%Q/I

4 Note that this term is proportional to , which quantifies the anisotropy2J0
factor of the radiation field. In any case, it is important to point out that the
other terms of eq. (3) (i.e., those caused by the symmetry-breaking effects
quantified by the and tensors) do influence the local values of .2 2J J Q/I1 2

Figure 1
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S •  CaII	IR	8542	Å:	ViSP,	VTF	

•  SNR	10-4	,	short	cadence,	mul<-height	

						DKIST	as	a	Mul<wavelength	Observatory	



					Haleakala	+	
DKIST+CryoNIRSP	at	4μ	

					Haleakala							Wailea		

						DKIST	as	a	coronagraph	
	



						DKIST	as	a	coronagraph	
	



C.	Beck	&	the	PA&C	team	 	 	29	Aug	2017	

						DKIST	as	a	coronagraph	
	

Lyot	and	limb	occulter	(3’x4’	FOV)	
•  How	close?:	1	arcsec.		
•  How	far	from	the	limb?	0.5	R¤	max	
 
The	Gregorian	OpFcal	System	(GOS)	
•  Limb	occulter:	Disc	to	block	the	solar	disc	near	the	limb	
•  Limb	over/under-occul<ng	of	±5	arcsec	possible	
•  Comes	with	a	“limb	sensor”	that	measure	limb	mo<ons	
•  Drives	M2	for	image	stabiliza<on	
	



5’	Limb	Occulter	

±	5”	

4’	

3’	

over/under	
occulta<on	

Limb	sensor	tracks	image	mo<on	perpendicular	to	limb	(only),	corrected	by	M2	fast	<p	



5’	Limb	Occulter	

±	5”	

4’	

3’	

over/under	
occulta<on	

Limb	sensor	tracks	image	mo<on	perpendicular	to	limb	(only),	corrected	by	M2	fast	<p	



Cryo-NIRSP	(UH/IfA)	

4’	slit	x	3’	scan	
1-5	μm	

Off-point	up	to	1.5	R¤	
1	arcsec	resolu<on	

Full	Stokes-Dual	Beam	
~60	minutes	cadence	

(faster	for	smaller	FOVs)	
(I-only	available)	

						DKIST	as	a	coronagraph	
	

Cryo-NIRSP	



Temperature	sensi<vity	from	3000K	to	2MK	
Sky	and	Corona	at	0.1R	

(2R)	

1994	

Discovery	Space:	MHD	waves,	Coronal	Abundances,	FIP	effect,	etc.	

						DKIST	as	a	coronagraph	

Wavelenght	(nm)	 Line	

1074.7,	1079.7	 Fe	XIII	

1083	 He	I	triplet	

1430	 Si	X	

2218	 Fe	IX	

2326	 CO	

2580	 Si	IX	

3028	 Mg	VIII	

3935	 Si	IX	

4651	 CO	

Zeeman	and	
saturated	
Hanle	effect	
in	forbidden	

lines	



55”x55”	(6	<les)	
Near-limb	(occulted)	
0.464”	sampling	
15x6	seconds	

Full	Stokes-Dual	Beam	
Pol.	sensi<vity	10-3			

	
FeXI	789.2,	FeXIII	1074.7,	SiX	1430	

at	once		
	

But	also…	
DL-NIRSP		

	

						DKIST	as	a	coronagraph	
	



But	also…	
VBI	

(and	other	instruments)		
		

	
Fe	XI	789.2	nm	
FOV:	69”	x	69”	

0.03”	resolu<on	(no	binning)	
Few	s	cadence	(depending	on	line	

brightness)		

						DKIST	as	a	coronagraph	
	

VBI	red		FOV			

SDO/AIA	171	–	900	km	resolu<on	



But	also…	
VBI	

(and	other	instruments)		
		

	
Fe	XI	789.2	nm	
FOV:	69”	x	69”	

0.03”	resolu<on	(no	binning)	
Few	s	cadence	(depending	on	line	

brightness)		

						DKIST	as	a	coronagraph	
	

VBI	red		FOV			

IBIS	Hα		–	130	km	resolu<on		



		MDKIST =M7R(Az −Table)M56R(El)M34M12

•  PA&C	unit	at	Gregorian	Focus	
•  Calibrates	all	op<cs	downstream	
•  Similar	to	Gregor	
•  Polariza<on	sensi<vity	10-5		
•  Exposure	<me	dependent	
•  Polariza<on	accuracy	5	10-4	
•  Cal	op<cs	ayer	M12	

						DKIST	as	a	Polarimeter	



		MDKIST =M7R(Az −Table)M56R(El)M34M12

•  M12	independent	of	poin<ng	
•  Zeemax	modeling	including	

coa<ngs	
•  Expected	VàU	larger	than	VàQ	
•  Sky	polariza<on	
•  Lines	with	no	Q	&	U:	Sun	poin<ng	
•  Mirror	samples	
•  PolCal	is	a	facility	task		

						DKIST	as	a	Polarimeter	



						DKIST	as	a	Polarimeter	



	
Cri<cal	Science	Plan	Workshops		

	

hkp://nso.edu/cspw.php	



Thanks	!	

hkp://dkist.nso.edu/	




