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DESI fibers
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tiles

patrol	radius	
of	1	fiber

focal	plane

5000	fibers

tiles	are	overlapping:	
7	passes	for	full	survey	(Y5)
~𝟏	pass	for	most	of	Y1

1	fiber	=	1	spectrum

from	https://www.legacysurvey.org
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Fiber collisions: 2 galaxies fall within the patrol radius of the same fiber 
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missed	galaxies
observed	galaxies

𝑟!

(𝑟∥, 𝑟!)	coordinates
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(𝑟, 𝜇)	coordinates

usually	used	
(Legendre	decomposition)

2	systems	of	coordinates



Fiber collisions: 2 galaxies fall within the patrol radius of the same fiber 
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missing	galaxy	pairs
at	small	transverse	separation	𝑟!

worst	case	(ELG	SGC):	
~80%	of	pairs	lost	at	small	𝑟!	for	Y1

𝑟!
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missed	galaxies
observed	galaxies

𝑟!



Fiber collisions bias two-point statistics
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Idea: modify 2-pt estimators by removing all galaxy pairs at small transverse 
separation
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𝑟!-cut	at	2.5	Mpc/ℎ

power	
spectrum

correlation	
function

monopole quadrupole hexadecapole

monopole quadrupole hexadecapole
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Removing pairs at 𝑟! < 2.5 Mpc/ℎ removes fiber collisions effect
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residuals	between	fiber	assigned	
and	complete	mocks:

mesh-based
standard	estimator

direct	
pair	counts

𝒓"-cut	𝑷 𝒌 	estimator:
(see	also	Bianchi	&	Verde	2020)

monopole quadrupole hexadecapole
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http://arxiv.org/abs/1912.08803


𝑟!-cut must be accounted for in the model
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𝒓!-cut	correlation	function 𝒓!-cut	power	spectrum

window	matrix

integration	over	𝜇	
such that 𝑟! > Λ"! 		

2.5	Mpc/h

window	matrix

standard	window	
estimator

𝑟!-cut	part
direct	pair	counts
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𝑟!-cut removes bias on cosmological parameters due to fiber collisions
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correlation	function power	spectrum

model
ShapeFit	template
(Brieden	et	al	2021)

• 𝒒∥,	𝒒!	 Alcock-Paczynski
• 𝒎	 tilt	parameter
• 𝒇	 growth	rate
• 𝒃𝟏	 linear	bias
• …	 nuisance	param.
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http://arxiv.org/abs/2106.07641


Potential issue: 𝑟!-cut power spectrum window matrix overweights theory at 
high 𝑘
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fixed	𝑘 = 0.05, 0.15, 0.25, 0.35 ℎ/Mpc
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We can transform the window to force it to converge to zero at high 𝑘
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method	by	Pat	McDonald	(in	prep)

• change	of	basis	with	a	transformation	optimized	to	
remove	high-𝒌	tails	from	the	window	matrix

fixed	𝑘#$% = 0.15 ℎ/Mpc

• loss 𝑳 𝑴 = 𝑳𝑾 𝑴 + 𝑳𝑪 𝑴 + 𝑳𝑴(𝑴)
→	penalizes	far-off-diagonal	terms	in	𝑊 and	𝐶
→ normalizes	𝑀
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Conclusion

• Cutting	out	small-𝑟!	pairs	in	2-point	measurements	and	model	
Ø removes	the	effect	of	fiber	collisions
Ø unbiased	constraints	on	cosmological	parameters

• We can	transform	the	𝑟!-cut	window	to	remove	high-𝑘	tails	without	changing	the	likelihood,	and	
thus	avoid	integrating	theory	up	to	high	𝒌

• Default	method	for	DESI	Y1	standard	analyses
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Legendre multipoles
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𝑟!-cut correlation function
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𝑟!-cut power spectrum
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𝑟!-cut correlation function is well modelled by multiplying the theory with an 
appropriate window matrix
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Complete	mocks vs.	best	fit	theory model Complete	mocks with 𝑟%-cut vs.	𝑟%-cut theory model



𝑟!-cut power spectrum model fits well to 𝑟!-cut data (mostly stochastic
parameters are changed)
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Complete	mocks vs.	best	fit	theory model Complete	mocks with 𝑟%-cut vs.	𝑟%-cut theory model



𝑟!-cut correlation function constraints
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Difference of	posterior mean between complete and	
𝑟%-cut mocks

Grey	area:	1/5	of	Y1	uncertainty



𝑟!-cut power spectrum constraints
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Difference of	posterior mean between complete and	
𝑟%-cut mocks

Grey	area:	1/5	of	Y1	uncertainty



𝑟!-cut power spectrum constraints (all parameters)
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Possible	𝑟%-cut windows

Power	spectrum window

Apodization: using a smoother 𝑟!-cut 
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