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The Dark Energy Spectroscopic 
Instrument (DESI) galaxy survey

Mayall telescope (4m) in kitt Peak, Arizona



DESI footprint

total number of targets ⇠ 30⇥ 106
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total area ⇠ 14, 000 deg2
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DESI targets

ELG = emission line galaxies
DESI collaboration arXiv:1611.00036

LRG = luminous red galaxies 
QSO = quasars 
BGS = bright galaxy survey 



Visual impression of the z-coverage with 
different tracers (borrowed from eBOSS)



DESI redshift distributions for 
the different tracers (illustrative)



Why do we want to measure the 
3D position of 30M galaxies?

2-point correlation function

baryon acoustic 
oscillation (BAO) 

peak BOSS 
DR11

DESI collaboration arXiv:1611.00036

redshift space 
distortion (RSD) 

squashing



DESI precision compared to 
other surveys



Fibre assignment and missing 
observations

5,000 fibers focal plane area = 7.5 deg2

completeness 
after 1 pass of the 
DESI instrument



2 point correlation function

⇠(~s) =
DD(~s)

RR(~s)
� 2

DR(~s)

RR(~s)
+ 1 Landy & Szalay 1993

galaxy-galaxy pairs

random-random pairs

galaxy-random pairs



Pairwise-Inverse-Probability (PIP) 
weights: correlation-function estimator
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Pairwise-Inverse-Probability (PIP) 
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Inverse-probability 
formalism: basic concept

P(b) = pb(1� p)1�b
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We introduce the binary random variable b (selected/discarded)

Selection probability

hbi = p ) hb/pi = 1
<latexit sha1_base64="Q5hGbKWhSTYw6XeMuL5l5/gy+50="></latexit>



Comparison to DESI mocks:  
pass 1

completeness = 25%

Monopole Quadrupole Hexadecapole



Comparison to DESI mocks:  
pass 2

completeness = 48%

Monopole Quadrupole Hexadecapole



Comparison to DESI mocks:  
pass 3

completeness = 67%

Monopole Quadrupole Hexadecapole



Comparison to DESI mocks:  
pass 4

completeness = 81%

Monopole Quadrupole Hexadecapole



Practical implementation: 
bitwise weights

The pair weights are computed (as usual) while doing pair 
counts via a simple function of individual weights 

Standard 
approach Bitwise weights



Practical implementation: 
summary

The pair weights are computed (as usual) while doing pair 
counts via a simple function of individual weights 

Standard 
approach Bitwise weights

hw(b)
m |w(b)

n i
<latexit sha1_base64="cJ9v98HQJTHBO3sOjtDNaG1Eugw=">AAACFHicbZDLSgMxFIYzXut4G3XpJtgKFaHMVESXRTcuK9gLdGrJpJk2NMkMSUYpYx/Cja/ixoUibl24821M21lo64HAx/+fw8n5g5hRpV3321pYXFpeWc2t2esbm1vbzs5uXUWJxKSGIxbJZoAUYVSQmqaakWYsCeIBI41gcDn2G3dEKhqJGz2MSZujnqAhxUgbqeMcFwq2z5DoMQLvO/w2LQZHI/hgWGTsy4lrFwodJ++W3EnBefAyyIOsqh3ny+9GOOFEaMyQUi3PjXU7RVJTzMjI9hNFYoQHqEdaBgXiRLXTyVEjeGiULgwjaZ7QcKL+nkgRV2rIA9PJke6rWW8s/ue1Eh2et1Mq4kQTgaeLwoRBHcFxQrBLJcGaDQ0gLKn5K8R9JBHWJkfbhODNnjwP9XLJOymdXpfzlYssjhzYBwegCDxwBirgClRBDWDwCJ7BK3iznqwX6936mLYuWNnMHvhT1ucP6gmcOw==</latexit>



From pairs to k-space 
modes

k

a b s (separation)

Here s 
is a wave 
number



Power spectrum 
(local plane-parallel approx)

with further manipulation 
(Bianchi et al. 2015) this term 

can be evaluated via FFTs 
(see also Scoccimarro 2015, Hand 

et al. 2017) 

P`(k) =
(2`+ 1)

I

Z
d⌦k

4⇡

⇢Z
d3r1 F (r1)e

ik·r1
� Z

d3r2 F (r2)e
�ik·r2L`(k̂ · r̂2)

�
� S`(k)

�
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Yamamoto 2005

P`(k) =
(2`+ 1)

I

Z
d⌦k

4⇡

Z
d3r1

Z
d3r2 F (r1)F (r2)e

ik·(r1�r2)L`(k̂ · ⌘̂)� S(k)

�
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Shot noise

Line of sight

Legendre polynomials
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Pairwise inverse probability 
(PIP) correction

If Aij = 0 above some angular 
separation << size of the survey, 
this term can be evaluated efficiently

PPIP
` (k) = P IIP

` (k) +
(2`+ 1)

I

Z
d⌦k

4⇡

X

ij

Aije
ik·(ri�rj)L`(k̂ · ⌘̂ij)
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Aij = wPIP
ij � wIIP

i wIIP
j
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In practice, for the PIP term, convenient to carry out the Omega_k integration first, 
i.e. we sum over Bessel rather than Fourier k-modes (see e.g. Wilson et al. 2015) 

PPIP
` (k) = P IIP

` (k) + (�i)`
(2`+ 1)

I

X

ij

Aijj`(ksij)L`(ŝij · ⌘̂ij)
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Also see Hahn et al. 2016 for interesting similarities and differences in the overall modelling



Using individual inverse 
probabilities (IIP)

MDR1 simulation, 1 Gpc periodic box, 2 passes of pure-
fibre-collision targeting algorithm, 84% completeness

Monopole Quadrupole Hexadecapole



Comparison to simulations
MDR1 simulation, 1 Gpc periodic box, 2 passes of pure-

fibre-collision targeting algorithm, 84% completeness

Monopole Quadrupole Hexadecapole



Summary
• We are at the dawn of a the era of percent precision. DESI 

it’s already collecting redshifts, with unprecedented 
efficiency (around 2M galaxies in a few months).    

• Such a statistical power requires exquisite control on 
systematics. We have developed an unbiased-by-
construction approach (PIP) to deal with the missing 
observation issue  

• More systematics will show up for DESI and the other next-
generation surveys, which will require dedicated effort 
(statistical modelling, machine learning, cross correlations 
between different probes, etc.)   



DESI imaging parent sample



ELG photometric selection 
(illustrative example)


