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DARK ENERGY

L ™ | Dark Energy Spectroscopic Instrument (DEST)
U.S. Department of Energy Office of Science 3 : _ ] : : % | :

DESI is a highly multiplexed |

optical multi-fiber instrument
installed at the 4-meter Mayall
telescope at Kitt Peak, AZ.
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https://dkirkby.github.io/desipano

DARK ENERGY

srecrroscopic | As the first Stage-1V dark-energy experiment, DESI is already
INSTRUMENT | delivering transformational precision-cosmological results.
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https://www.desi.lbl.gov/2024 /04 /04 /desi-y1-results-april-4-guide

DESI Collaboration et al., DEST 2024 11: Sample Definitions, Characteristics, and Two-point Clustering Statistics

DESI Collaboration et al., DESI 2024 I11: Barvon Acoustic Oscillations from Galaxies and Quasatrs

DESI Collaboration et al., DEST 2024 IV: Baryon Acoustic Oscillations from the L.yman Alpha Forest

DESI Collaboration et al., DESI 2024 V: Full-Shape Galaxy Clustering from Galaxies and Quasats

DESI Collaboration et al., DESI 2024 VI: Cosmological Constraints from the Measurements of Baryon Acoustic Oscillations

DESI Collaboration et al., DEST 2024 VII: Cosmological Constraints from the Full-Shape Modeling of Clustering Measurements 4



https://www.desi.lbl.gov/2024/04/04/desi-y1-results-april-4-guide
https://ui.adsabs.harvard.edu/abs/2024arXiv241112020D/abstract
https://ui.adsabs.harvard.edu/abs/2024arXiv240403000D/abstract
https://ui.adsabs.harvard.edu/abs/2024arXiv240403001D/abstract
https://ui.adsabs.harvard.edu/abs/2024arXiv241112021D/abstract
https://ui.adsabs.harvard.edu/abs/2024arXiv240403002D/abstract
https://ui.adsabs.harvard.edu/abs/2024arXiv241112022D/abstract

| secrroscoric | DESI selects targets from ~14,000 deg? of the

|| SPECTROSCOPIC
J PN T egacy Imaging Surveys Data Release 9.

U.S. Department of Energy Office of Science

Legacy Surveys

75° |
— \ ® DRI (20.2k deg?)

—— DESI nominal

—— DES

Dec. [deq]

R.A. [deg] Credit: Anand Raichoor (LBNL)

* Data Release 9: https://legacysurveyv.org/dr9
grz + torced unWISE (W1-W4) photometry

e Interactive Sky Viewer: https://legacysurvev.org/viewer
o Siena Galaxy Atlas (SGA-2020): https://sga.legacysurvev.org 5



https://legacysurvey.org/dr9
https://legacysurvey.org/viewer
https://sga.legacysurvey.org

SPECTROSCOPIC

srerosconc | D-year DESI Main Survey began in May 2021
JTOROMENHand is currently ~6 months ahead of schedule!

U.S. Department of Energy Office of Science

Main/DARK : 6/7959029 completed tiles up to 20210514 (=0%, weighted=0%)
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Credit: Anand Raichoor (LBNL) Dark Program



srerosconc | D-year DESI Main Survey began in May 2021

SPECTROSCOPIC
POTEMET land is currently ~6 months ahead of schedule!

U.S. Department of Energy Office of Science

TN owWodis NI

Main/BRIGHT : 1%2090 completed tiles up to 20210514 (=0%, weighted=0%)
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DARK ENERGY

Isl\liggsmiﬁplc DESI Early Data Release (EDR} has been pubhcly
available since June 2023; roughly 1.5M spectra.

U.S. Department of Energy Office of Science

Early Data Release N(z)
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Credit: Stephanie Juneau (NOIRLab)

* DESI Collaboration et al. 2024a: Validation of the Scientific Program for the Dark FEnergy Spectroscopic Instrument
* DESI Collaboration et al. 2024b: The Early Data Release of the Dark FEnergy Spectroscopic Instrument



https://ui.adsabs.harvard.edu/abs/2024AJ....167...62D/abstract
https://ui.adsabs.harvard.edu/abs/2024AJ....168...58D/abstract
https://data.desi.lbl.gov/doc/releases/edr

¥ DARK ENERGY

{seecrroscoric | D ESIT Data Release 1 will become pubhc on 2025

A INSTRUMENT

) s | March 19 at the March/April APS meeting,

Sneak-peek: unique,
high-confident
redshifts for 18.7M
objects, including
13.1M galaxies,
1.6M quasars, and
4M stars!

Credit: Claire Lamman (Harvard)

® https://data.desi.lbl.gov/doc/releases/drl
(private until 2025 March 19).

* DESI Collaboration et al. 2025, Data Release 1 of
the Dark Energy Spectroscopic Instrument, in prep.


https://data.desi.lbl.gov/doc/releases/dr1

il DARK ENERGY

| SPECTROSCOPIC FaStSPGCFit—faSt modeling of -

M INSTRUMENT

= DESI spectrophotometry.

U.S. Department of Energy Office of Science

FastSpecFit

* FastSpeclit 1s a stellar continuum and emission-line modeling code for
DESI which uses physically motivated stellar population synthesis and
emission-line templates.

* [t simultaneously models the three-camera optical spectrophotometry and
the ultraviolet through infrared broadband photometry.

* The code is numba-accelerated and simply maximizes the likelihood given
the data (no sampling), using Monte Carlo for simple uncertainty estimates.

Paper, public code, and EDR value-added catalog—
* Moustakas et al., in prep.

® https://fastspecfit.readthedocs.io/en/latest
® https://fastspecfit.readthedocs.io/en/latest/fuji.html
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https://fastspecfit.readthedocs.io/en/latest/
https://ui.adsabs.harvard.edu/abs/2024arXiv240403000D/abstract

A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

Rest-frame Wavelength (um)

Survey/Program/Healpix: svl/bright/22746
TargetlD: 39627671176481414
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narrow = x* _ a | a -1
AVnarrow = —2 * 31 km/s Dn(4000) moder = 1.405 ria/Hl(g[0|ii3r:4) —0.087 EW(Ha)broas =29.5 A > freing |
ouy = 2877 km/s D1 (4000)gata = 1.364 —— B)=0. ] 0 0 0
Avyy = —65 km/s logao ([NIlJ/Ha) = 0.037 EW(Mgll) =24.9 A T T T T
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Obroad = 887 km/s
AVproad = 198 km/s

[SII1A6731/A6716 = 0.871

Mgll A2796/A2803 =0.168
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A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

-~

Survey/Program/Healpix: svl/bright/22746

~

Rest-frame Wavelength (um) TargetID: 39627671176481414
0.1 0.2 0.5 1 2 3 5 10 15 20
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15.09 y2 118 (a,6)=(67.5510167, -4.762399) 2>
17.5- Xi.phot =41.86 cor
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. N
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25.0 1 7/=0.91 + 0.06 40" 2
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[SII1A6731/A6716 = 0.871

Mgll A2796/A2803 =0.168

Observed-frame Wavelength (um)

e The 1.5” DESI fiber
only captures the
central light (aka
aperture bias) over the
observed-frame

0.36-0.98 micron

wavelength range.

e Broadband photometry
encodes a lot more
information about the
galaxy.

12



A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

Rest-frame Wavelength (um)

0.1 0.2 0.5 1 2 3 5 10 15 20
a1 1 1 1 1 1 TR - | 1 1 1 1 1 1 1 1 1 1 1
15.0 ] Xg,cont=1'18
17 54 Xo phot = 41.86
20 0 Xs,specphot=1'19
g .
o 22.51
< Z/Z5=0.0
25.01 7,=0.91 % 0.06
SFR=1.8 + 0.2 Mo/yr
27.5 1 Age=5.85 +0.05 Gyr
DESI x 1.80 log10 (M/M)=10.80 % 0.01
30.0 1 i 1 ! L | 1 ! 1 L | I
0.1 0 0.5 1 2 5 10 20
10 § s

Survey/Program/Healpix: svl/bright/22746
TargetlD: 39627671176481414

55u

(@, 6)=(67.5510167, -4.762399)

* FastSpecliit

simultaneously forward-
models the broadband

0.5 0.6

0.7 0.8

Observed-frame Wavelength (um)

z=0.3423384
Ostar = 127 £11 km/s

Onarrow = 144 =73 km/s
AVharrow = —2 + 31 km/s
ouv = 2877 km/s

Avyy = —65 km/s

Obroad = 887 km/s
AVproad = 198 km/s

Mo.1r= —21.20
Mo.1g —Mo.1r=0.704
Mo.1r — Mo.1- = 0.624

Dn(4000) mogel = 1.405
Dp(4000)gata = 1.364

EW([OlI])=10.3 A
EW([OINI]) =35.1 A
EW(Ha)=12.8 A

Ha/HB = 3.214

logio ([OII]/HB) = 0.987
log1o (INI1]/Ha) = 0.037
[OlI]1 A3726/A3729 = 0.602
[SII]A6731/A6716 = 0.871

XE,Ilne = 119

AXr21obroac1 =859
AVnobroad =5

EW(Ha)broad = 29.5 A

EW(Mgll) =24.9 A
Mgll A2796/A2803 = 0.168

*" o photometry and the
A5 o three-camera
N
g  spectrophotometry,
40" — .
making full use of the
-4°45'35" DESI resolution matrix.
4h30M13.05 12.5S 12.0° 11.5°
RA [J2000]
_ Mgll AA2796,2803 - 5 . [NeV] A3346 _2 - [NeV] A3426 _2 .
| Bkl |l Fudol ¢ The continuum model
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| [Ol1] AA3726,29 | 2'5- [Nelll] A3869+H6 i 1 ] He A3970 i 1 .
> M ! T age stell.ar population
— S [ S— = synthesis (SPS) models
Ho)&gloo 220 -Hymg&oiz[gn]mge?’,—sz H59I2A811d71 D236 = *
. 1 - 1 & and a simple (power-
A 0 WJ/A\ 0 o 2
| AT T 0 & law) dust model; we
0.544 0.552 0.58 0.59 0.600 0.602 ml
[reirassss 5 _|H8 24861 5 -[OHI]M4959,5007 " nH Compute the IR
: | 0 0 o 3 spectrum on-the-fly.
9%0 0I64 1 0165 O%' 6IGO 06I75 o
[NII] A5755 i Hel A5876 —0.5_ [on /\6300+[S|I|]/\6312_ 1 \-'l_,
Iih VXV ) YN 100 0 An “A Fitt: ’
07I725 0,7750 07'875 07I900 08I45 08IS ¢ n GN lttlng mOde
Ha+[NIl] AA6548,84 [SI1] AA6716,31 _ [AI’HI]/\7135+[OII]/\/\732_OTO . .
] 5 1 1s in the works.
0 0 e Ll
0.870 0.8ISS 0.9'00 0.9IOS O.9ISB 0.961

Observed-frame Wavelength (um)
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A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

astar=127 + 11 km/S

y— U '
o C
= O
=]
o ©
£ .
EXC ® Where possible, we
= estimate the velocity
dispersion as part of the
Ty=1.44+0.20 maximume-likelihood fit.
O - i . . .
i 5 £ * We infer the uncertainty in
> 80T 3% the velocity dispersion
K § ® using a Monte Carlo
g S
o approach, margmahzn}g
» over the covariance with
U R R l Age=5.56+0.22 Gyr dust and age.
o | -
—~ O = - w“ U
5 © S
D =
@ 5 - £ 5
> S ©
< = a
o = - o
6,.
% T T | I I T
Ty Age (Gyr)
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A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

ZlZ5=0.0%£0.0
5 2
= 9O
5%
53
o
I I £v=0.010.06 * Monte Carlo fitting also
ml delivers simple estimates
S 5 2 of the stellar population
= = :
o 28 synthesis (SPS) model
Q- > 8 . .
- “e uncertainties.
0.
| | | | | SFR=1.8+0.2 Mo /yr
b:, — — il
T Lo . 5 2
2 A B
=~ S
% 28
0'0 n .
I I I I | 1 1 I | I logio (M/Ms)=10.80+0.01
5 ] ]
=% i @ | o5
= , 5%
S 23
_\9,.\6 o
AV 7] B B
> I | | | I | I I | I I I | Age=5.85+0.05 Gyr
e 1T e 7 0 7 - o
S o - - - 5 ¢
S o 3%
2 - - - ES
< 5 ® o =&
o . @ |- . o)
| I | | | I I | | I | | | I | I |
&8 &S & & R IR PN NS \9’.\” \9@" \5;;9 \9‘3? \9‘.23’ o o 15
ZIZs Ty SFR (Mo/yr) Age (Gyr)

log1o (M/Mo)



A worked example—Bright Galaxy Survey (BGS) target at z = 0.342.

0.1
M|
15.01 Xg,cont=1':
17.5 - Xo phot = 4
20 0 Xg, specphot=
g .
pon 22.54
<

25.0 1

27.54

30.0
0.

,29

10111 AA3726

Survey/Program/Healpix: svl/bright/22746

TargetlD: 39627671176481414

A2796/A2803 =0.168

(a,0)=(67.5510167, -4.762399) 23
50"
O
D
(@]
45-- )
N
o
o
40" S
-4°45'35"
h30m13.05 12.55  12.05  11.5°
RA [12000]
A ¥
/| Mall 112796,8803 L5 [NeV] A3346 Lo [NeV] A3426 -2 \
I 1 1 1 1 1 1
0.36 0 39\ 0.4480 0.4495 4590.4600.46
[Ol1] AA3726,29 [Nelll] A3869+H6 He A3970
2.5 ] A L1 =
0.0 ALY o J o
T T T T T T —
0.500 050 0.520 0528 528 0.536 o
H6 A4101 “IHy A4340+[O0IIl] A4363 _2 Hel 24471 |
-1 1 -1 =
A | .
0 LW 0 o ®
1 1 1 1 1 «Q
.544 0.552 0.58 0.59 0.600 0.602 %)
Hell A4686 HB A4861 [Ol11] AA4959,5007 'l_.
-2 L2 ] 5
| o
0 0 0 |
T T T T T T N
60 0.64 0.65 0.66 660 0.675 o
[NII] A5755 B 1 Hel A5876 _ [on /\6300+[SIII]/\6312_ 1 |
- 0.5 L
0 YN 100 0
I I I I 1
07725 0ONW/50 0.7875 0.7900 0.845 0.85
Ha+[NIl] AA6548,84 [SI1] AA6716,31 . [Aﬂll]/\7135+[0||]/\/\732_OTO
-5 - L1
1 1 I
0.870 "8385 0.900 0.905 0.958 0.961

Observed-frame Wavelength (um)

J

* We robustly fit the
amplitudes of doublets
like [OII] AA3726,29 as
one amplitude and a
physically constrained
doublet ratio.

* We attempt to
decompose the Balmer
lines into broad and
narrow components,
using a Ay? test to
choose between the two
models.
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FastSpecFit also includes a (fast) “photometry-only” fitting mode.

Rest-frame Wavelength (um)

0.1 0.2 0.5 1 2 3 5 10 1520
16 - Xg,phot:30'85 @)
18 -
20 -
@)
(©
£ 22
m
<
24 -
20 Z/Z5=0.0
Tv=0.86+0.11
SFR=2.0+ 0.9 Mo/yr
28 - Age=5.83+0.17 Gyr
|Oglo (M/My)=10.77 £ 0.02
30 T T 1 T rrrr T
0.1 0.2 0.5 1 2 3 5 10 20

Observed-frame Wavelength (um)

Survey/Program/Healpix: sv1l/bright/22746
TargetlD: 39627671176481414

55"

(a,6)=(67.5510167, -4.762399)

50"
45"

40"

I |}
\ [
1.5 arcsec
10 arcsec -4°45'35"

4h30M13.0%12.5° 12.0° 11.5°

RA [J2000]
z=0.3423384 Mo.1 = —21.19
OStar = 250 km/S MOlg - MOlr = 0.703

Mo.1r — Mo.12 = 0.619
Dn(4000)mode| - 1.415

17

[0002Z[] 2@



[ DARK ENERGY
. | SPECTROSCOPIC
%

Ems

i nsroven | Summary, performance, and next steps.

L N IWadLs NE J
U.S. Department of Energy Office of Science

* FastSpeclit is a new (public!) spectrophotometric fitting code written from the
ground up for DESI.

* A value-added catalog (VAC) of 1.5M objects from the DESI/EDR is already
public; the DR1 VAC (18M spectral) will be released in 2025 March along with
DRI.

* Fitting time 1s 0.5-3 seconds per object depending on the number of Monte Carlo
realizations. Numba acceleration and extensive profiling has been used to achieve
significant speed-ups (lesson: AstroPy is slow!)

* “Scale” (i.e., fitting of tens of millions of objects in finite time) is achieved using a
combination of multiprocessing and MPI parallelization.

* Work in progress:

m AGN-fitting mode with templates and priors optimized for quasars;
m SDSS-fitting mode with plans to generate an SDSS VAC.
m Nascent effort to use JAX/GPUs to achieve the next level of acceleration.

https://fastspecfit.readthedocs.io/en/latest
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