The Dark Energy Spectroscopy Instrument
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The future of the Universe?
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The future of the Universe?
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Baryon acoustic oscillations

- pressure waves 1n the early Universe (< 400.000 years after the Big Bang)
» hot and 10onized (T » 13.6 €V)
- cosmological scales (¢/H(z)) » photon-baryon interaction length
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Plctoncally

L

Palrs of galax1es are preferentlally separated by ~150Mpf




Pictorically

c/Az Hubble parameter
H(z) = —

I's

T :
— _° angular diameter
A6 distance




In practice...

» The large scale structure results from a superposition of these shells

 The acoustic scale can be observed as a ~1

% excess 1n the

2pt-correlation function



How to measure the matter distribution

Galaxies: | S
ehigh density contrast O(200) ~ °[®* g8t
ebias model o L e Sy it
(how light follows matter): 20 [0° i
6gal =b 8[)1\/[
o7 ~0-1.

Lya forest: IR LE I Y
elow density constrast e Bt | < forest
enon-linear tracer: 5t 0 AT

1 1 1
500 520 540
A (nm)

f = exp [—7(2) B o]
e first principle calculations A N

o7~25




Measurement of the correlation function
in terms of a “fiducial cosmology™

o E(r,rL) = (86)
Xr//“ s ff r = (r1 — r2) cos(0/2)
) ri = (ry +1r2)sin(8/2)
© dz
r(z) =c CH
cAz
0 = H(z)
ri = (14 2)da(2)6
V da(z) = C © dz
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i [h-1Mpc]

Measurement of the correlation function

150 IO°3
100
50 0.2
0
0.1
-50
—100 0.0
—150
-150 -100 -50 O 50 100 150
I [h'lMpC]

Isotropy:
E(ro,ry) =&(rL + 1)

An 1ncorrect fiducial cosmology
breaks the polar symmetry

Alcock & Paczynski (1979)
(independiente de las BAO)

AP measures:
H(z)-da(z)
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i [h-1Mpc]

Measurement of the correlation function

150
I“3 AP measures:
100
50 102 H(z)-da(z)
0 The BAO scale allows one to break
10-1 the degeneracy:
~50
100 0.0 H(z)-rs
150
~150 -100 =50 0 50 100 150 da(z)/7s

I [h'lMpC]
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Caveat ! redshift space distortions

Z=ZcosmoTZ peculiar
“real” space
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Caveat ! redshift space distortions

Z=ZcosmoTZ peculiar

oo “redshift” space
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Caveat ! redshift space distortions

“real” space

800 g 20 + Kaiser effect: matter falls into potential
sooRL L wells

400 ERIPTEX 15

200 ST Z=Zcosmo T Zpeculiar

10

-200 NS
-400 IR

-600 %
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V

observer
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Caveat ! redshift space distortions

“redshift” space

Il —— 20 + Kaiser effect: matter falls into potential

wells

400 15
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Caveat ! redshift space distortions

“redshift” space

Il —— : 20 + Kaiser effect: matter falls into potential

o0 Gk TS Ger TS e, wells
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Caveat ! redshift space distortions

“redshift” space
800 g v ey 2

600§ ol wells

lzo - Kaiser effect: matter falls into potential

400 15

200 S

B . aproblem for cosmology?
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Caveat ! redshift space distortions

- Kaiser effect: matter falls into potential

'0-6 wells

104

12 a problem for cosmology?

No !

- one additional parameter
Py (K, px) = b*(1 + Bp®) Py (k)

p o« Qn0-6 (1n general relativity)
- the BAO position 1s not affected

-150 -100 =50 O 50 100 150

I [h'lMpC]
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(e)BOSS: (extended) Baryon acoustic oscillations survey

¥ Survey bases on the 2.5 m SDSS telescope
(APO, New Mexico)

[¥] BOSS observed 10 kdeg? 1.2 MGalaxies, 0.3 <z < 0.8

[¥] Will reobserve the BOSS footprint to focus on the
1 <z<2region

** [ Extend the high-redshift Lya sample by ~60,000 new

Y y
e quasars (originally ~200,000) and improving the S/N of
~60,000 known quasars from BOSS

[/ Dedicated survey at the Mayall Telescope

™ 4m telescope located in Kitt Peak (Arizona)
[¥] Will observe 14 kdeg? and 0 <z < 4
I ~5x eBOSS

Mayall 4-Meter Telescope



Flux (a.u.)

(¢)BOSS - data taking

photometry from SDSS-II

12
ot U g r 1
gl
T
f I

4 | f

' f h "l'l
2 '|11‘|V.|F\\kq """"i"‘\Mv"J N, |
M .

4000 5000 600D 7000 BOCO 9000 10000

Wavelength (A°)

- .
= - —
~ ﬁ

target

7 L

selection

/
X/
rograph

List of targets

SDSS J112253.51+005329.8

SDSSp J120441.73-002149.6
SDSSp J130348.94+002010.4
SDSSp J141205.78-010152.6
SDSSp J141315.36+000032.1

optical fibers




Flux (a.u.)
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DESI - data taking

photometry from SDSS-II
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DESI - photometric survey

ROAD Current Status
2017 June 15

MzLS: 83% complete
BASS: 65% complete

MzLS: Mayall z-bang legacy survey (z-band Mayall telescope, Kitt Peak)

needs to finish by the end of the year!!
BASS: Beijing Arizona Sky Survey (r and g bands, Bok telescope, Kitt Peak)
DECaLS: Dark Energy Camera Legacy Survey (r, g, z bands, Blanco telescope, Cerro Tololo)

data publicly accessible at http://legacysurvey.org



= DESI - photometric survey

Current Status
2017 June 15

'- -
NOAO

MzLS: 83% complete

Global CAM 2015 2016 2017 2018 2019 2.
JIJTA[S[oN]D[JTFIM]ATM[JTITATS]O[N]D]JTF[M]ATM]ITITATS]O]N][D[J[F[M][ATM]JTITATS]O]N]D]J[F[M[ATM]I]ITASIOIN]D[JF]M]AM]J]

Finish  _|BL Project| Date Var:
| Finish | BL Finish
18-Jun-14 A 18-Jun-14  0.0d  Silber S

-

28-Aug-15A | 28-Aug-15 . 0.0d  Honscheid_K 3 L2: ICS Preliminary Design Complete =

18-Sep-15A  18-Sep-15 0.0d  Poppett_C & L2 Splicing Testing & Validation Complete m I Iesto n es
17-Dec-15A  18-Dec-15 1 20d  Besuner R 3 L2: All Interface Control Documents Completed and [Approved

23-Dec-15A  30-Sep-15  -57.0d  Jelinsky_P & # |2: Prototype Detectors and Front-End Electronics Delivered to Cryostat Supplier

29-Feb-16A  18-Now-15  -61.0d  Poppett_C o # 12: 50 Krm Fiber Received and Verified

20-JuH1BA  01-Aug-16 0 B8.0d  Bailey S ’0 L2: Preliminary Spectro [pipeline running end-to-end on DESI Sims
04-Oct-16 A 02-Now16 = 220d  Doel P ¢ ¢ L2: Lens cells completed and shipped to FNAL

18-Jan-17 A 01-Feb-17 = 100d  Jelinsky P ’0 L2: EM Spectrograph Fully Verified
01-Feb-17 A 07-Apr-17  47.0d  Doel P ¢ & L2: ADC Lenses Ground and Polished

14-Mar-17 | 14-Mar-17  00d  Doel P & 12: Receive Cells FNAL

11-Apr-17 11-Apr-17 0.0d  Sharples R 3 L2: First Fiber Cables with Spool boxes Fabrication Complete
12-May-17  12-May-17  0.0d  Jelinsky_P 3 2: Scope alternative for additional spectrographs
26-May-17  26-May-17 ~ 0.0d  Doel P 3 L2: Receive Barrel fram FNAL

O7-u17  O7-ub17 004 Dosl P
10007 107 004 Siber 8
17007 A7-Ju17 | 00 Sharples R
BdU7 287 004 Doel P

17-Aug-17  17-Aug-17  00d  Doel P
10-Oct-17  10-Oct-17 0.0d  Sprayberry D
23-Oct17  23-Oct-17 00d  Gutierrez_G
13-Now-17*  13-Nov-17 0.0d  Sprayberry D

12-Jan-18 12-Jan-18 = 0.0d  Doel P
12-Jan-18 12-Jan-18 0.0d  Poppett C

06-Feb-18  06-Feb-18  0.0d  Doel P
23-Mar-18  23-Mar-18  00d  Sprayberry D
27-Mar-18 | 27-Mar-18 = 0.0d  Doel P

3 L2: ICS Prototype Development Complete
& L2: Fused Silica Lenses Ground and polished
3 L2: Focal plate structure ready for integration
& 12: COMPLETE: First Science Slithead (with fiber from cable) Fabrication
3 L2: ADC 1 and 2 Lenses Coated and Shipped
& 12: Fused Silica lenses Coated
3 L2: Mayall Facility Preparations Complete

3 12: Mayall Shutdown Begins
& 12: Lens Installation into Cells Complete
& L2: PFA manufacture Complete
& 12: Lens Alignment in Barrel Complete
3 L2: Telescope Ready for DESI Hardware Installation
& 12: Conector Assembled and Ready for Installation

3 L2: Full Assembly and Verification of Ring, Cage and Barrel or Protatype Barrel

10-May-18  10-May-18  0.0d  Poppett_C & 12: end to end fiber test complete, deliver to 12T

29-May-18  29-May-18  0.0d  Sprayberry D 8L2: COMPLETE: Carrector Installed

25-Jun-18  25-Jun-18  0.0d  Honscheid K & 12: I1CS Complete

03-Aug-18  03-Aug-18  0.0d  Jelinsky P & L2 Unit B Spectrograph Test and Calibration Complete

21-Aug-18  21-Aug-18 00d  Silber S 3 L2: Focal plate loading and testing complete

24-Oct-18 24-Oct-18 0.0d  Silber S 3 L2: FPS delivered at Mayall, unpacked, and verified

29-Now-18  29-Now-18 0.0d  Sprayberry D & L2: Focal Plane Assembly Installed

25-Jan-19 25-Jan-18 0.0d  Besuner R 3 L2: Start of Commissioning

15-Mar-19  15-Mar19 0.0d  Jelinsky_P 3 L2: Unit 10 Spectrograph Test and Calibration Complete
29-Mar-19  29-Mar-19  00d  Bailey_S 3 L2: Target Selection Pipeline Operational at Scale

26-May-19*  28-May-19  0.0d
01-Juk19*  01-Jul19 0.0d

Besuner R
Besuner R

- = ' 3 L2: All DOE Equipment Delivered and Verified
L2: All Commissioning Tasks Complete
First light July 2019! >t o o

MzLS: Mayall z-bang legacy survey (z-band Mayall telescope, Kitt Peak)
BASS: Beijing Arizona Sky Survey (r and g bands, Bok telescope, Kitt Peak)
DECaLS: Dark Energy Camera Legacy Survey (r, g, z bands, Blanco telescope, Cerro Tololo)

data publicly accessible at http://legacysurvey.org
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Bautista et al. (2017)
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Lyman-alpha autocorrelation
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Lyman-alpha x QSO cross correlation
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Lyman-alpha x QSO cross correlation
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All BAO combined!
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. DESI high z: Lyman-alpha forest
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Conclusions

» Spectroscopic surveys measuring the large scale structure have
reached per-cent precision

» We are already sampling the history of the expansion rate
through the dawn of dark energy

« DESI will complete the picture out to redshift 4 with tomographic
per-cent level measurements



