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q  The	Sun	is	a	mul+-scaled,	dynamic	object,	organized	in	its	outer	layers	by	
its	magne+c	field.	

	

•  Magne&c	field	intensity	scales	of	1000s	of	Gauss	to	~	1	Gauss	magnitudes	between	the	
photosphere	and	the	corona.	

		
q  Polariza+on	in	UV/O/IR	spectral	lines	is	DKIST’s	primary	means	for	the	

remote	quan+za+on	of	solar	magne+c	fields.		
	

•  Zeeman/PB	effect:		
•  Stokes	V	linearly	scales	with	longitudinal	field	intensity.	
•  Q/U	scales	with	the	square	of	transverse	field	intensity.		
•  Zeeman	sensi&vity	scales	linearly	with	the	wavelength	(IR)	and	Lande	factor	(IR)	

•  ScaPering	polariza&on	and	Hanle	mechanism	
•  Hanle	sensi&vity	depends	on	ra&o	of	level	life&me	and	magne&c	spliSng	(UV).	
•  ScaPering	polariza&on	amplitudes	depend	scaPering	angle,	the	degree	of	local	

anisotropy	(typically	<1%)	and	the	Hanle	modifica&on.	

q  DKIST	must	measure	magne+c	fields	via	high	precision	spectropolarimetry	
with	signals	<	1%	from	the	photosphere	to	the	dark	IR	(10-6	Bsun)	corona!	

Mul+-scaled	polarimetry	with	DKIST	
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DKIST	High-Level	Performance	Requirements	

Requirement	 Value	

Aperture		 4	meters	

Photon	Flux	 Minimum	collec+ng	area	
>	12	m2	

Polariza&on	sensi&vity	 10-5	Ic	

Polariza&on	calibra&on	
accuracy	 5	x	10-4	Ic	

ScaPer	light		
(5	-50	arcsec	above	limb)	 <	10-4	

ScaPered	light		
(1.1	Rsun;	1	micron)	 <25x10-6	Bsun	
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Mee+ng	the	polarimetric	requirements	

q  Polychroma+c	crystal	wave-plate	polariza+on	modulators	
•  Most	facility	instruments	equipped	with	polychroma&c	high-efficiency	modulators	in	

custom,	precision	rota&on	stages.		
•  Tight	modula&on	tolerances	plus	high	duty-cycle.		

q  High	frame	rate	/	dual-beam	polarimetry	
•  Polarimeter	cameras	operate,	in	most	cases,	at	>	30	fps	to	reduce	the	impact	residual	

seeing	uncorrected	by	AO.		

q  Facility	polariza+on	calibra+on	op+cs	and	procedures	
•  Large	crystal	op&cs	at	Gregorian	focus	provide	polariza&on	states	for	calibra&ng	all	

&me-dependent	op&cs	downstream.	
•  M1/M2	calibra&on	baseline	is	to	use	“correla&on	method”	based	on	as	measured	

Zeeman	signals	in	high	field	regions.		
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Spectral	Lines	 Forma+on		 Tools/references	
Ca	II	H	&	K		 Non-LTE;	par+al	redistribu+on;	

Zeeman	and	scafering	polariza+on	
diagnos+c.			

[Mar&nez	Pillet	et	al.	1990;	
Holzreuter	et	al.	2006]	

Ca	I	422.67	nm	 Non-LTE;	par+al	redistribu+on	

Hα	(656.3	nm)	 Non-LTE;	Large	photospheric	
contribu+ons	in	Stokes	V	

[Socas-Navarro	&	
Uitenbroek	2004;	Stepan	&	
Trujillo	Bueno	2010[	

He	I	D3	(587.6	nm)	 Non-LTE;	Very	weak	on	disk;	good	
prominence	and	filament	
diagnos+c	

Inversions:	Hazel	[Asensio	
Ramos	et	al.];	Helix+	[Lagg	
et	al.]	

Ca	II	IRT	(849.8,	854.2,	866.2	nm)	 Non-LTE;	1D	inversions	show	
promise.	

Inversions	with	Nicole	
[Socas-Navarro	et	al.]	

He	I	(1083	nm	)	 Non-LTE;	Promising	upper	
chromosphere	diagnos+c.	Weak	
outside	of	ac+ve	regions	

Inversions:	Hazel	[Asensio	
Ramos	et	al.];	Helix+	[Lagg	
et	al.]	

Ca	I	3697.4	nm	 geff		=	1.1		

Mg	I	3681.6	nm	 geff	=	1.17		

IR	molecular	lines?	CO?		

The	O/IR	chromospheric	polarimetry	toolbox	
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DKIST	–	The	User	Perspec+ve	

q  Flexible	and	controlled	opera+on	for	op+mized	study	of	
diverse	science	
•  5	permanently-installed	facility	instruments	ranging	350	nm	to	5	μm		
•  Diverse	technologies:		narrowband	imaging	(Visible	to	5	um!)	,	Slit-based	

spectropolarimetry;	Fabry-Perot	2D-spectropolarimetry;		IFU	
spectropolarimetry		

•  Manually	configurable	distribu&on	of	light	to	AO-instruments	(350	nm	to	
1800	nm)		

•  Simultaneously	mul&-instrument	experiments	
q  Opera+onal	model	to	boost	ground-based	efficiency		

•  Majority	in	PI	based	service	mode	
•  Merit	and	condi&on-based	mode.	

•  Data	will	be	public	domain	(embargo	available	for	graduate	student	data)	
•  Calibrated	data	sets	will	be	the	primary	data	product	of	the	NSO	Data	

Center.	
q  Early	Science	opera+ons	start	in	2019!	

6	



ALMAIRISDKIST-2016	ALMAIRISDKIST-2016	 7	

DKIST	Instrumenta+on	
DL-NIRSP:		500	–	1800	nm	

Three	Channel	IFU	Spectropolarimeter	VISP:	500	–	900	nm	
Three	channel		
Slit-based	
Spectropolarimeter	

VBI:	390	–	860	nm	
Two-channel	
Narrowband	
(Speckle)	Imager	

VTF:		
520-870	nm	
Dual-Fabry		
Perot	2D	
Spectropolarimeter	

CRYO-NIRSP:		
1000	–	5000	nm	
Filter	Imager	+	Slit-Based	
Spectropolarimeter	

More	detailed	specifica&ons	at		dkist.nso.edu/science/	
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DL-NIRSP Integral Field Spectropolarimetry 

� DL-NIRSP will be the first ever facility-class dual-
beam IFU spectropolarimeter! 

DL-NIRSP	
	
An	IFU-based	
Spectropolarimeter	
for	Solar	Physics.	
	
Two	IFUs	of	different	
physical	pixel	sizes.		
	
60	x	80	format	
60	x	40	format		
	
0.03’’,	0.077’’,	0.46’’			
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Assessing	polarimetric	performance	in	the	chromosphere		

q  The	photon	flux	at	the	diffrac&on-limit	is	independent	of	aperture	
size.		A	bigger	telescope	doesn’t	alleviate	being	photon	starved	at	the	
diffrac&on	limit.		

q  Balance	evolu&on	&me-scale	with	required	signal	to	noise	to	arrive	at	
physical	scale	over	which	the	observa&on	can	be	considered	sta&c…	

q  How	to	determine	values	for	v	and	\sigma	?	
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Forward	modeling	by		
de	la	Cruz	Rodriguez		
et	al.	(2012):		

Quiet	Sun	magne&sm	
returned	via	an	inversion		
of	Ca	II	854.2	nm		

Example	DKIST	parameters:	
	
n	=	1	
σ	=	10-4	
v	~	50	km/s	
50	mA	FWHM		
F	~	3.7e9	photons/asec^2/sec		
	
(δx)	~	0.074	arcsec		
(δt)	~	2.13	seconds	
Diffrac&on	limit:	0.054	
	

à	effec%ve	resolu%on	for	DL-NIRSP	/or	ViSP	
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Linear	polariza&on	outside	of	sunspots	is	very	weak	in	Ca	II	854.2	nm	
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Schad	et	al.	(2013)	He	I	1083	has	strong	scaPering	polariza&ons	profiles	in	superpenumbra			
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He	I	1083	can	be	inverted	with	simple	cloud	models	(non-LTE	
polariza&on)	
	

Challenges	include	presence	of	ambigui&es,	lack	of	height	informa&on,	
height	vs	inclina&on	degenerencies.	
	

Umbral	profiles	are	not	well	modeled.		
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DST/FIRS	
He	I	1083	nm	
	
(Like	D3,	used	for	
prominences	and	
filaments:	e.g.,	
Kuckein	et	al.	
2012)	
	
This	example	is	of	
on	disk	coronal	
rain	polarimetry	+		
Stereoscopic	
reconstruc&on	
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ALMA	configura&ons	(C40-1,-2,-3)	
[SSALMON	CYCLE	4	Document]:	
	
C40-1:		Longest	baseline	(160.7	m)	
C40-2:		Longest	baseline	(376.9	m)	
C40-3:		Longest	baseline	(538.9	m)	
	
Tight	configura&ons	require	Sun	at	
eleva&ons	>	40	degrees	to	avoid	
shadowing.		
	
DKIST	opening	procedures	and	light	
level	will	limit	observa&on	~	>	7	deg	
	
1	to	2	hours	of	coordinated	observing	
&me	is	possible	
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ALMA/DKIST	Joint	Observing	Strategies	

Wedemeyer	et	al.	(2015)	SSRv	
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Switch	to	Band	
6	and	repeat	

What	is	a	complementary	polarimetry-focused	
DKIST	Experiment?	

Step	#1:		Define	science	objec&ves….	
	
Step	#2:		Iden&fy	candidate	spectral	lines	and	data	

	types...	
	
Step	#3:		Assess	feasibility		

1)	Light	distribu&on	(beam-spliPer)	tool	
2)	Aggregate	data	rates	(using	standard	
modes)	
3)	Instrument	performance	calculators	(define	
observing	parameters…FOV,	slit	size,	etc.)		
	
…	once	successful		
	

Step	#4:		Prepare	and	submit	proposal	

DKIST/ALMA	coordina+on	–	an	example	
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DKIST/ALMA	coordina+on	–	an	example	
Beam-splifers:	 [BS_555,WI_002,BS_680,MI_002]	
Data	Type	 Instru-

ment	
Line	 FOV	 Spa&al	

Res	
Cadence	 SNR	 Data	rates	

2D	
spectrosco
pic	imaging	

	

VTF	 Hα	656.3	nm	 58’’	x	58’’	
0.028’’	

x	
0.028”	

3.6		 >	850	 1920	MB/sec	

Slit	
scanning	
full-Stokes	
polarimetr

y	

VISP	

Ca	II	K	393	nm	 21’’	x	60”	 0.21’’	x	
0.06’’	

35	
minutes	

>	300	(**)	
	

27	MB/sec	
	

Ca	I	422.67	nm		 21’’	x	60”	
	

0.21’’	x	
0.06’’	

35	
minutes	

	

>	700		(**)	
	 27	MB/sec	

Fe	I	525	nm	 21’’	x	60”	
	

0.21’’	x	
0.06’’	
	

35	
minutes	

	

>	1400	(**)		
	 27	MB/sec	

IFU	Full-
Stokes	

spectropol
arimetry	

DL-
NIRSP	

Ca	II	854.2	nm	 23’’	x	25’’	 0.15’’	 23	sec	 >2000	
(5	x	10^-4)	 55	MB/sec	

Si	1082.7	nm	/	
He	I	1083	nm	 23’’	x	25’’	 0.15’’	 23	sec	 >2000	

(5	x	10^-4)	 55	MB/sec	

Fe	I	1565	nm	
	

23’’	x	25’’	
	

0.15’’	
	 23	sec	

>2000	
5	x	10^-4	

	

55	MB/sec	
	

**	Lower	bound	on	performance?	(TBD)		 Aggregate	data	rate:	2166	MB/sec	
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Closing	remarks	

q  DKIST	will	be	the	world’s	most	powerful	op&cal/IR	solar	telescope,	and	a	precision	
polarimeter	designed	for	mul&-scale	experiments.		

q  Its	fleet	of	five	facility	instruments	offers	a	highly	customizable	experiment	pla�orm	
that	may	be	op&mized	for	any	number	of	problems.	

q  Op&mizing	the	DKIST	experiment	for	chromospheric	polarimetric	applica&on	should	
take	advantage	of	the	aperture’s	size	more	than	its	diffrac&on	limit.		

q  A	1-2	coordina&on		is	available	for	ALMA	and	DKIST,	and	such	observa&ons	are	certain	
to	provide	important	constraints	on	the	magne&cally	coupled	solar	atmosphere.	

dkist.nso.edu/science	 dkist.nso.edu/CSP	
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Extra	slides	
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DST/FIRS	
He	I	1083	nm	
Coronal	rain	inversions	
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DKIST	and	ALMA	Synergies		

ALMA	Strengths	 DKIST	Strengths	
Con&nuum	radia&on	at	
millimeter	wavelengths	acts	as	a	
linear	thermometer	in	narrow	
layer	in	the	solar	atmosphere.	

Host	of	deep	NLTE	op&cal	lines	
provide	polarimetric	probe	of	
chromospheric	layers,	but		
	
DKIST	probes	photospheric	layers	
very	well.			

The	polariza&on	provides	a	
measure	of	the	longitudinal	
magne&c	field	component	in	the	
same	layer	in	the	solar	
atmosphere.		

The	height	of	the	probed	
atmospheric	layers	increases	with	
the	selected	wavelength,	
enabling	height	scans	through	the	
solar	atmosphere	and	
tomographic	techniques.		

DKIST	can	access	photospheric	
and	coronal	magne&c	fields.		

Wedemeyer	et	al.	(2015)	SSRv	



ALMAIRISDKIST-2016	ALMAIRISDKIST-2016	 22	

High-res	MxSPEC	Experiment	at	the	Dunn	Solar	Telescope	(Preliminary	Data)		
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(Slide	courtesy	of	Roberto	
Casini)	



(Slide	courtesy	of	Roberto	Casini)	
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VTF	Performance	(Courtesy	of	Wolfgang	Schmidt)	
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	 	 Expected	Exposure	Time	[milliseconds] 

Ion/Line Wavelength	
[nm] 

High	Resolu&on	Use	
Case	(full	well	at	
disk	center) 

Coronal	Use	Case	
(15%	of	full	well	
for	50	millionths	
Idc	bright	corona) 

Middle	
Resolu&on	Use	
Case	(full	well	
at	disk	center) 

Fe	XIV 530.30 110 1798 16 
Green	cont. 555.00 94 1545 14 
He	I	D3 587.60 89 1454 13 
Na	I	D2 589.00 90 1474 13 
Fe	I 617.33 87 1418 13 
Fe	I 630.20 86 1409 13 

Fe	X 637.00 84 1374 13 
H-alpha 656.30 99 1617 15 
Fe	XI 789.00 118 1914 17 
Na	I 819.48 151 2444 22 
Ca	II	IR2 854.20 237 3810 35 
Fe	XIII 1074.70 76 1226 11 
He	I	 1083.00 79 1275 12 
Si	X 1430.00 121 1978 18 
Fe	I 1565.00 83 1354 12 
S	XI 1920.00 605 9813 89 
CO	bands 2326.00 1180 18862 172 

DL-NIRSP	Expected	Exposure	Times	(T.Schad)	


