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Two	spectroscopic	needs	for	photo-z	work:	training	
and	calibraLon

Zhan 2006

• Be;er	training	of	
algorithms	using	objects	
with	spectroscopic	
redshiO	measurements	
shrinks	photo-z	errors	and	
improves	DE	constraints,	
esp.	for	BAO	and	clusters

Benitez et al. 2009

– Training	datasets	will	contribute	to	calibraLon	of	photo-z's.		
~Perfect	training	sets	can	solve	calibraLon	needs.
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Two	spectroscopic	needs	for	photo-z	work:	training	
and	calibraLon

• For	weak	lensing	and	
supernovae,	individual-
object	photo-z's	do	not	need	
high	precision,	but	the	
calibraLon	must	be	accurate		
-	i.e.,	bias	and	errors	need	to	
be	extremely	well-
understood

– uncertainty	in	bias,	σ(δz)=	σ(<zp	–zs>),	and	in	sca;er,	σ(σz)=	σ(RMS(zp	
–zs)),	must	both	be	<~0.002(1+z)	for	Stage	IV	surveys

Newman et al. 2015



PFS	is	very	well	suited	to	the	needs	for	LSST	
photometric	redshiO	training

• Want	highly-secure	spectroscopic	redshiOs	for	20k-30k	galaxies	sampling	
full	range	of	galaxy	colors,	magnitudes,	and	redshiOs	for	the	dark	energy	
samples	(consensus	from	a	variety	of	theory	papers)	

• Newman	et	al.	2015,	Spectroscopic	Needs	for	Imaging	Dark	Energy	
Experiments,	came	up	with	a	baseline	scenario	for	comparing	
instruments/telescopes:	
• >30,000	galaxies	down	to	LSST	weak	lensing	limiLng	magnitude	(i~25)	
• 15	widely-separated	fields	at	least	20	arcmin	diameter	to	allow	sample/
cosmic	variance	to	be	miLgated	&	quanLfied		

• Equal	sample/cosmic	variance	to	Euclid	C3R2	plan	but	much	lower	total	
area	

• Long	exposure	Lmes	are	needed	to	ensure	>75%	redshiO	success	rates:	100	
hours	at	Keck	to	achieve	DEEP2-like	S/N	at	i=25	

• See	http://adsabs.harvard.edu/abs/2015APh....63...81N 
• Samples	needed	for	LSST	+	WFIRST	photo-z	training	overlap	heavily:	a	

combined	training	survey	would	help	both	projects



There's	no	reason	to	stop	at	predicLng	
redshiO...

• The	same	method	used	for	
photometric	redshiOs	can	be	used	
to	paint	any	quanLLes	you	measure	
from	spectra	onto	LSST	imaging-
only	objects	

• Just	need	a	training	set:	can	be	the	
same	as	the	photo-z	training	set	
(which	needs	to	sample	the	full	
range	of	galaxy	SEDs...)	

• Methods	demonstrated	in	HemmaL	
et	al.	2019	

4 Shoubaneh Hemmati

Figure 3. Stellar masses of COSMOS z ⇠ 1 galaxies measured
by mapping them to the SOM trained with BC03 models (SOMfit)
compared to stellar masses from the (Laigle et al. 2016) catalog
measured with LePhare. The di↵erences are well within the ex-
pectations from using di↵erent model libraries.

oring each pixel in the SOM with its median physical pa-
rameter from the models. The smooth areas of the maps
represent regions where the data space directly maps to
physical parameters, so the data can strongly constrain
the physical parameter in question. The more stochastic
parts of the map indicate regions where the data are not
constraining of a given physical parameter, so the same
data can describe multiple possible physical properties.
It is clear from looking at these maps that there is a re-
gion of data space where age and Mass-to-Light ratios are
poorly constrained by the data and other regions where
the properties are well constrained.
The next question is which portions of the model space

are occupied by real galaxies and do the galaxies occupy
smooth or stochastic parts of the model space. In Fig-
ure 2 we map the data for COSMOS z ⇠ 1 from §2.1
galaxies to the model SOM. The empty regions in the
map indicate regions where no real object corresponds to
those model parameters. For instance, the large empty
region in the bottom right of the plot indicates that a
combination of very young age, low extinction and high
star formation rate per unit mass (specific star formation
rate, sSFR) is not observed in COSMOS at z ⇠ 1. Fur-
thermore, the points at the very edge of the plot are also
at the edge of the model space and hence are not well
fit. The presence of these points indicates galaxies that
are not well described by the models and that additional
parameters, such as the presence of an Active Galactic
Nuclei (AGN) may be needed.
This or similar analysis can be used to optimize the

model library. Regions of the model space that are not
occupied by real objects should be removed or down
weighted based on the data statistics. Including them

in a fitting library with a flat prior will lead to biased
physical property estimates because noise in the data
will scatter objects into regions of model space that do
not physically exist. Furthermore, the expansion of the
model library could be guided by the points that are not
well described by the model library.

4. OPTIMIZING MODEL FITTING

Mapping an observed galaxy to the SOM trained on
the model libraries is mathematically equivalent to find-
ing the best-fit template in a model library. However, be-
cause the SOM optimally represents the data space, ob-
servationally indistinguishable models have already been
assigned to the same SOM vector. This methodology ef-
fectively ”compresses” the computation by pre-grouping
models that will have indistinguishable fits to the data.
So, rather than fitting every model one only needs to fit
each point in the SOM to estimate the posterior likeli-
hood distribution.
In our simple demonstration (see Figure 4) the likeli-

hood distribution in physical parameter space is calcu-
lated by assigning the median property of the models at
each SOM point. We then weight each SOM point by its
likelihood with respect to the data in the same way as if
one were fitting a model library. We note that a better
weighting scheme could easily be devised, but is beyond
the scope of the demonstration here.
In Figure 3, we compare best fit stellar mass measured

from the SOM to that from the COSMOS catalog es-
timated using the LePhare SED fitting code (Arnouts
et al. 1999; Ilbert et al. 2006). In this comparison, we
use statistics similar to those defined in Nayyeri et al.
(2017), where �F = rms(log(MSOM) � log(MCOSMOS)),
�NMAD = 1.48⇥median(|log(MSOM)� log(MCOSMOS)|)
and �O = rms(log(MSOM) � log(MCOSMOS)) after
removing the outliers with the outlier fraction(OLF)
defined as the fraction of objects with �log(M) =
(log(MSOM) � log(MCOSMOS)) > 0.5. The scatter of
⇠ 0.2 and 3% OLF is comparable with the values re-
ported in the literature when various SED fitting codes
are compared (e.g., Mobasher et al. 2015; Nayyeri et al.
2017) and we note more advanced models including emis-
sion lines and other features (i.e., delayed SFH and two
attenuation curves) were included in the COSMOS re-
sults. Furthermore, using a more thorough weighting
scheme and including redshift errors would likely further
improve results.
Another compelling feature of the SOM is that the

errors on the physical properties are quantified. The
method naturally builds up a probability distribution
function (PDF) for each physical parameter based one
the likelihoods of the models. For instance, one can per-
turb the photometric error in each broad-band filter to
have many realizations of a galaxy SED and mapping
them to the SOM. In Figure 4 we show the kernel den-
sity function of 1000 realizations of the SED, drawn from
the estimated errors, mapped to the SOM with contours
for two sample galaxies. The corresponding distribution
of physical properties are plotted in the inset panels.
It is clear in this visualization how the error contour for

a given galaxy spreads over the SOM grid and how that
is related to the physical parameters shown in Figure 1.
By comparing Figure 4, and 1 it is clear how parame-

ters are co-variant with error. In many SED fitting rou-

Hemmati et al. 2019



PFS	for	photo-z	calibraLon

• If	spectroscopic	samples	remain	
incomplete	or	redshiOs	are	not	highly	
secure,	best	hope	for	calibraLon	is	cross-
correlaLon	methods	(Newman	2008);	
a.k.a.	"clustering	redshiOs"	

• For	LSST,	easiest	to	lower	cross-
correlaLon	errors	by	using	dilute	
samples	(e.g.,	DESI	QSOs)	over	wide	
areas.		However,	DESI	is	very	sparse	at	
1.6	<	z	<	2.2,	where	QSOs	are	the	only	
tracer	available	

• An	opLmal	cross-correlaLon	survey	
would	cover	as	many	z=0-4	galaxies	as	
possible	over	as	wide	an	area	as	
possible.		

• If	the	PFS/Sumire	cosmology	survey	
focuses	on	z>1.6,	it	could	contribute	to	
photo-z	calibraLon	(and	also	be	near	the	
peak	redshiO	for	CMB	lensing...)	

Newman et al. 2015



Looking	beyond	photo-z's:	The	Kavli/NOAO/LSST	report

• NSF	asked	NOAO	+	LSST	to	work	
together	to	produce	a	report	
organized	around	6-8	science	
cases	to	prioriLze	potenLal	
telescopes,	instruments,	and	
soOware	infrastructure	

• Kavli	FoundaLon	provided	
funding	to	enable	the	report	

• Led	by	Joan	Najita	and	Beth	
Willman	

• Report	available	at	http://arxiv.org/
abs/1610.01661



Key	parameters	for	telescopes	and	instruments	considered	(sorted	by	telescope	
aperture)

Instrument / Telescope Collecting Area (sq. m) Field area (sq. deg.) Multiplex Targets per sq. deg. Approx. cost/year
4MOST 10.7 4.000 1,400 350 $3,900,000
Mayall 4m / DESI 11.4 7.083 5,000 706 $4,200,000
WHT / WEAVE 13.0 3.139 1,000 319 $4,700,000
Megamapper (Magellan-like) 28.0 7.060 20,000 2,833 $10,000,000
Subaru / PFS 53.0 1.250 2,400 1,920 $19,000,000
VLT / MOONS 58.2 0.139 500 3,600 $21,000,000
Keck / DEIMOS 76.0 0.015 150 9,954 $28,000,000
Keck / FOBOS 76.0 0.087 1,800 20,637 $28,000,000
ESO SpecTel 87.9 4.9 3,333 679 $32,000,000
MSE 97.6 1.766 3,249 1,839 $36,000,000
GMT/MANIFEST + GMACS 368 0.087 420 4,815 $130,000,000
TMT / WFOS 655 0.007 100 14,458 $240,000,000
E-ELT / Mosaic Optical 978 0.009 200 22,500 $360,000,000
E-ELT / MOSAIC NIR 978 0.009 100 11,250 $360,000,000



Amount	of	time	required	for	each	survey	from	the	Kavli/NOAO/
LSST	report	(sorted	by	telescope	aperture;	in	dark-years).

Note:	both	optical	&	NIR	modes	on	E-ELT/MOSAIC	needed	to	cover	desired	wavelength	range

Instrument / Telescope

Total time, 
Photometric 

Redshift 
Training (y)

Milky Way 
halo survey 
(8000 sq. 
deg., y)

Local 
dwarfs 

and halo 
streams

Flare 
stars

Galaxy 
evolution

Supernova 
hosts

4MOST 5.4 12.6 10.1 3.2 4.21 0.05
Mayall 4m / DESI 5.1 6.7 9.5 3.0 1.11 0.03
WHT / WEAVE 6.0 13.3 8.3 2.6 4.88 0.06
Megamapper (Magellan-like) 2.1 4.7 3.9 1.2 0.11 0.02
Subaru / PFS 1.1 8.2 2.0 0.6 0.50 0.04
VLT / MOONS 2.7 67.0 1.9 4.2 2.18 0.29
Keck / DEIMOS 6.8 473.1 8.3 29.6 5.56 2.04
Keck / FOBOS 0.8 81.7 1.4 5.1 0.46 0.35
ESO SpecTel 0.7 1.3 1.2 0.4 0.22 0.01
MSE 0.6 3.1 1.1 0.3 0.20 0.01
GMT/MANIFEST + GMACS 0.5 16.9 0.3 1.1 0.41 0.07
TMT / WFOS 1.2 119.6 2.1 7.5 0.97 0.51
E-ELT / Mosaic Optical 0.5 51.8 0.9 3.2 0.32 0.22
E-ELT / MOSAIC NIR 0.8 43.4 0.8 2.7 0.65 0.19



Total	time	required	for	all	surveys	from	the	Kavli/NOAO/LSST	report	(sorted	by	
telescope	aperture;	in	dark-years).	

Instrument / Telescope

Total (no halo 
survey, dark-

years)

Total (8000 sq. 
deg. halo survey, 

dark-years)

Total (20k sq. 
deg. halo survey, 

dark-years)
Approx. cost 

per year
4MOST 22.9 35.5 54.4 $3,900,000
Mayall 4m / DESI 18.7 25.4 35.5 $4,200,000
WHT / WEAVE 21.9 35.1 55.0 $4,700,000
Megamapper (Magellan-like) 7.3 12.0 19.0 $12,000,000
Subaru / PFS 4.3 12.5 24.8 $19,000,000
VLT / MOONS 11.2 78.2 178.8 $21,000,000
Keck / DEIMOS 52.2 525.3 1234.9 $28,000,000
Keck / FOBOS 8.1 89.9 212.5 $28,000,000
ESO SpecTel 2.5 3.8 5.6 $32,000,000
MSE 2.3 5.4 10.1 $36,000,000
GMT/MANIFEST + GMACS 2.3 19.2 44.5 $130,000,000
TMT / WFOS 12.2 131.8 311.2 $130,000,000
E-ELT / Mosaic Optical 5.2 57.0 134.7 $240,000,000
E-ELT / MOSAIC NIR 5.1 48.5 113.5 $240,000,000



More	details	on	Kavli	recommendaLons	for	wide-field	
MOS

• Proposed	characterisLcs:	
• 8m-class	telescope	
• R~5000	in	the	red	and	R~2500	in	blue	
• Minimum	wavelength	coverage	0.37-1	micron,	extension	to	

1.3-1.5	microns	desirable	
• Minimum	field	of	view	20	arcmin;	>1	degree	preferred	
• High	mulLplexing,	>2500x	

• This	all	sounds	a	whole	lot	like	PFS!	



The	LSST	DESC	External	Synergies	Working	Group

• Goal:	make	DESC	science	be;er	with	data	beyond	LSST	

– Help	in	developing	inter-collaboraLon	agreements	

– Coordinate	proposals	for	telescope	Lme	

– Inventories	science	cases	that	would	benefit	from	in-kind	
contribuLons	of	observing	resources,	and	potenLal	resources	that	
can	fill	those	gaps	

– PFS	is	obviously	relevant	here.		Inventories	are	intended	to	be	
useful	in	preparing	in-kind	proposals.	

• Led	by	Mark	Sullivan	+	Jeff	Newman	



Astro2020	White	Papers	on	External	Synergies	

1. Deep Multi-object Spectroscopy to Enhance Dark Energy Science from 
LSST (Newman	et	al.	2019):	Describes	cases	for	PFS-like	capabiliLes;	
e.g.,	photo-z	training/calibraLon	

2. Wide-field Multi-object Spectroscopy to Enhance Dark Energy Science 
from LSST (Mandelbaum	et	al	2019):	Focuses	mostly	on	DESI-like	data,	
but	some	cases	are	well-suited	for	PFS:	e.g.,	spectroscopy	of	SN	hosts	
in	LSST	deep-drilling	fields	

3. Single-object Imaging and Spectroscopy to Enhance Dark Energy 
Science from LSST (Hlozek	et	al.	2019):	Describes	single-object	
applicaLons	(less	synergy	with	Subaru)



What	can	LSST	do	for	PFS?

• Most	of	the	PFS/Sumire	survey	observaLons	should	overlap	with	LSST	in	
Lme	

• If	focused	on	regions	overlapping	with	the	LSST	footprint,	PFS/Sumire	
would	have	added	legacy	value	due	to	LSST's	ulLmately	deeper	
photometry	(vs.	HSC)	and	wealth	of	Lme	domain	informaLon	

• Can	target	LSST	transients	on	PFS	fibers	during	survey	

• Can	use	LSST	variability	selecLon	for	AGN	down	to	low	luminosiLes	

• ...etc.	



What	can	PFS	do	for	LSST?

• Photo-z	training	(and	perhaps	calibraLon)	

• Supernova	host	spectroscopy	

• Samples	to	study	galaxy	evoluLon,	stellar	rotaLon	and	flares,	local	
dwarfs	and	Ldal	streams	--	and	that's	just	what's	in	the	Kavli	report	

• Fundamentally:	SDSS	has	shown	the	power	of	combined	photometric	+	
spectroscopic	surveys.		LSST	has	no	spectrograph,	but	PFS	is	very	well-
suited	to	fill	that	gap!	

• Please	feel	free	to	contact	me	for	further	discussions:	janewman	"at"	
pi;.edu



Extra	slides



Relative	efficiencies:	how	much	time	would	be	required	to	complete	
the	surveys	from	the	Kavli/NOAO/LSST	report	on	different	platforms?

• The	Najita,	Willman	et	al.	report	explored	the	
ground-based	OIR	needs	to	conduct	science	with	
LSST,	based	on	a	set	of	use	cases	

• This	is	an	attempt	to	estimate	the	time	required	
for	the	largest	surveys	from	the	report		

• Common	set	of	assumptions:	one-third	loss	to	
instrumental	effects,	weather	and	overheads;	
4m	=	Mayall/DESI;	8m	=	Subaru/PFS;	all	
instrumental	efficiencies	identical;	equivalent	#	
of	photons	will	yield	equal	noise;	ignoring	
differences	in	seeing/image	quality	and	fiber/
slitlet	size.		Only	medium-resolution	fibers	
included.		Assuming	full	spectral	range	can	be	
covered	simultaneously	(likely	not	true	for	EELT).	

• See	report	(available	at	http://arxiv.org/abs/
1610.01661	)	for	details	of	these	surveys	

• Will	give	time	required	in	years	on	a	given	
platform;	note	that	the	need	is	generally	all	for	
dark	time	(very	faint	targets!)	

• Costs	based	on	TSIP	+	inflation:	$1k/m2/night



Brief	descriptions	of	the	Kavli/NOAO/LSST	surveys

• Photometric	redshift	training	sample:	Minimum	of	30,000	galaxies	total	down	
to	i=25	in	15	fields	>20'	diameter	

• 100	hours/pointing	on	10m	
• To	improve	photo-z	accuracy	for	LSST	(and	study	galaxy	SED	evolution) 
• Highly-complete	survey	would	require	~6x	greater	exposure	time	than	used	

here	

• Supernova	host	survey:	Annual	spectroscopy	of	~100	new	galaxy	hosts	of	
supernovae	deg-2	with	r<24	over	the	~5	LSST	deep	drilling	fields	(10	sq.	deg.	
each)	

• ~8	hours	per	pointing	on	4m	
• Provides	redshifts	for	most	of	the	~50,000	best-characterized	LSST	SN	Ia	

(other	transients/hosts	could	be	observed	on	remaining	fibers)	



• Local	dwarfs	and	halo	streams:	Local	dwarfs	were	estimated	to	require	3200	
hours	on	an	8m	to	measure	velocity	dispersions	of	LSST-discovered	dwarfs	
within	300	kpc	

• Requires	FoV	≥	20	arcmin	(1	deg	preferred)		and	minimum	slit/fiber	spacing	
<	10	arcsec.			

• Characterizing	~10	halo	streams	to	test	for	gravitational	perturbations	by	
low-mass	dark	matter	halos	was	estimated	to	require	~25%	as	much	time	on	
similar	instrumentation.	

• Milky	Way	halo	survey:	~125	g<23	luminous	red	giants	deg-2	over	8,000	(or	
preferably	20,000)	square	degrees	of	sky	

• 2.5	hours/pointing	with	8m	
• Allows	reconstruction	of	MW	accretion	history	using	stars	to	the	outer	limits	

of	the	stellar	halo.		Other	objects	could	be	targeted	on	remaining	fibers.	

Brief	descriptions	of	the	Kavli/NOAO/LSST	surveys



• Galaxy	evolution	survey:	Minimum	of	130,000	galaxies	total	down	to	M=1010	
MSun	at	0.5	<	z	<	2	over	a	4	sq.	deg.	field	

• 18	hours	per	pointing	on	8m	
• To	study	relationship	between	galaxy	properties	and	environment	across	

cosmic	time	

• Stellar	rotation	and	flare	star	survey:	Spectra	of	>10,000	flaring	stars	and	a	field	
sample	of	stars	with	detectable	rotation	in	LSST	light	curves	

• Estimated	total	need	2000	hours	on	8m	MOS	
• To	study	relationship	of	magnetic	fields	to	flaring	behavior	

Brief	descriptions	of	the	Kavli/NOAO/LSST	surveys



Scaling	of	redshiO	errors	for	narrow-band	imaging

• Centroid	error	for	a	feature	is	approximately:	
	 	 	 	

• Allows	simple	rescaling	of	expected	z	errors		
• FWHM	∝1/R	
• S/N		∝(object	flux) ×(efficiency	×	total	exposure	Lme	x	collecLng	area)1/2		

*	
• S/N	∝(1/R)1/2	for	narrow-band	imaging		
• S/N	~independent	of	R	for	spectroscopy	if	features	are	resolved**	
• S/N	∝(1/R)1/2	if	features	are	diluted	by	resoluLon	(BG∝R-1)**	

*	assuming	background-limited	
**	assuming	background-limited,	pixel	scale	resolves	FWHM,	and	
background	is	not	resolved	into	individual	lines

FWHM
S/N of detection

Δλ ~= 



HSC	for	Medium-band	imaging	(improved	photo-z's)	

• Science	goal:	be;er	redshiOs	in	
limited	areas	(bootstrap	photo-
z	training?)	

• Basic	scaling:	z	error	∝	
(etendue×(total	Lme)×R)-1/2	

• ~60	hours	(~8	nights)	on	HSC	
per	10	square	degrees	needed	
to	reduce	LSST+WFIRST	photo-z	
errors	by	2x,	taking	into	
account	relaLve	etendue	and	
assuming	~20	filters	total	

• ~250	hours	(~30	nights)	per	10	
sq.	deg.	to	reduce	errors	by	4x

• Could	be	an	interesLng	complement	to	WFIRST	grism	surveys	-	if	high	
enough	S/N	can	be	achieved	to	improve	redshiO	measurement



	 	 	 	

• Example	scenarios,	scaling	from	LSST	photo-z's:	
• LSST	is	equivalent	to	R~6;	if	split	LSST	observing	amongst	N	filters,	but	

total	Lme	and	efficiency	are	unchanged:	
• FWHM	∝(6/N),	S/N	∝(6/N)1/2	

• Perfect	template	photo-z	error	would	be	~(6/N)1/2	×	0.02	(1+z)	
• Note:	if	spend	10	years	on	10%	of	LSST	area,	drop	errors	by	a	further	

factor	of	~3	(as	10x	greater	exposure	Lme):	~0.001(1+z)	errors	for	a	30-
band	survey	

• Place	a	spectrograph	with	16%	efficiency	and	resoluLon	R	on	LSST	and	run	
for	10	years	
• FWHM	∝(6/R),	S/N	∝(0.16*6)1/2	(as	no	longer	divide	Lme	amongst	6	

bands)	×	(6/R)1/2	(from	BG)	
• Perfect	template	redshiO	error	would	be	~(6/R)1/2	×	0.02	(1+z)		
• NB:	only	get	this	for	~5000	objects	at	a	Lme..	

Scaling	of	redshiO	errors	for	narrow-band	imaging



	 	 	 	

• Spectroscopy	scaled	from	DEEP2	errors	(R=6000,	10m,	1	hour	exposures,	
σz~0.000033@i=22.5,	assume	idenLcal	efficiency	if	on	LSST):		
• DEEP2:	R=1000 ×	LSST,	area	=	2.2 ×	LSST,	exposure	Lme	=	0.12	×	LSST,	

flux	=	13.2	×	LSST	
• RedshiO	error	predicted	for	10-year	LSST	survey	would	be																			

~(6/R)1/2	×	0.015	(1+z)	

FWHM
S/N of detection

Δλ ~= 

TesLng	scaling	of	redshiO	errors	for	narrow-band	imaging



	 	 	 	

• Spectroscopy	scaled	from	zCOSMOS	errors	(R=600,	8m,	1	hour	exposures,	
σz~0.00036@i=22.5,	assume	idenLcal	efficiency	if	on	LSST):		
• zCOSMOS:	R=100 ×	LSST,	area	=	1.4 ×	LSST,	exposure	Lme	=	0.12 ×	LSST,	

flux	=	13.2	×	LSST		
• RedshiO	error	predicted	for	10-year	LSST	survey	would	be																			

~(6/R)1/2	×	0.015	(1+z)	

FWHM
S/N of detection

Δλ ~= 

TesLng	scaling	of	redshiO	errors	for	narrow-band	imaging



The	Kavli/NOAO/LSST	report

• NSF	asked	NOAO	+	LSST	to	work	together	to	produce	a	
report:	
• organized	around	6-8	science	cases	with	quanLtaLve	

requirements	
• to	assess	and	prioriLze	potenLal	O/IR	System	resources	

(e.g.,	telescopes,	instruments,	and	soOware	infrastructure)	
that	can	fulfill	the	needs	for	these	cases	

• to	idenLfy	high	priority	future	investments	

• Intended	to	provide	inputs	to	federal	and	private	funding	
sources	&	observatories	

• Kavli	FoundaLon	provided	funding	to	enable	the	report	
• Led	by	Joan	Najita	and	Beth	Willman



Report	is	available	at	h;ps://arxiv.org/abs/1610.01661
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Study	Group	Topics

1. Using Small Solar System Bodies to Understand 
the Evolution of the Solar System

2. Rotation and Magnetic Activity in the Galactic 
Field Population and Open Star Clusters

3. Probing Galaxy Formation and the Nature of 
Dark Matter and Gravity in the Local Group

4. Characterizing the Transient Sky

5. The Co-Evolution of Baryons, Black Holes, and 
Cosmic Structure

6. Facilitating Cosmology Measurements with 
LSST



More	details	on	Kavli	recommendaLons	for	wide-field	
MOS

• MOS	called	out	as	a	requirement	for	cosmology	for:	
– Photometric	redshiO	training	
– InvesLgaLons	of	potenLal	systemaLcs	in	cosmological	

measurements:		
• intrinsic	alignment	effects	on	weak	lensing	
• biases	of	photo-z's	around	galaxy	clusters	
• blending	effects	on	photo-z's	
• effects	of	foreground	mass	distribuLon	in	strong	lens	

systems


