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GBT data

Data by GBT IM team; Wolz et al 2017 1510.05453

• Intensity Maps in two fields 1hr (85hrs) and 15hr 
(105hrs) overlapping with WiggleZ fields totalling 40 
sq deg


• Frequency channels from 700-900MHz 


• Observed in 4 sub-seasons such that each season 
has independent noise characteristics 


• Incoherent scanning strategy results in noise patterns


• Effective beam of 0.44 deg
Masui et al. (2013), Switzer et al. (2013)
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Residual analysis
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GBT x WiggleZ - 40sqdeg - z~0.8

ΩHIbHI = [0.62+0.23] × 10−3 

Masui et al, 2013, Switzer et al 2013, Wolz et al 2017
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GBT updated HI intensity mapping data with 0.6<z<1 


Three galaxy samples for cross-correlation: 

eBOSS ELGs: 0.7<z<1.1; LRGs: 0.6<z<0.9; WiggleZ: 0.6<z<1.0


Area overlap: 100 square degrees

Figure adapted from Anderson et al 2015

 See Switzer et al 2013, Masui et al 2013 for previous data and Wolz et al 2016 for analysis pipeline 



• GBT data is divided into 4 seasons {A, B, C, D} (independent noise 
realisations), results are averaged over all seasons


• Data is masked around spatial edges to reduce systematics


• All power spectra use data from 30<f<220 -> 0.62<z<0.95 (reduce RFI)

GBT maps mean temperature 



Start with GBT data after map-making


Convolve to same angular resolution 1.4*max beam->FWHM~0.44 
deg


Mask out the edges of the 2d-maps (15pix per side)


Apply fastICA (using N_IC=2 …32)


Estimate power spectrum using inverse noise variance weighting


Correct for signal loss with transfer function


Estimate error bars 


Average over all sub-sections (A,B,C,D)

Analysis Pipeline
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• Lognormal simulations populated with HI in underlying haloes 


• 100 mock realisations with flat survey geometry at med redshift


• Grid according to IM data and convolve with beam


• Apply fastICA to (data + mock) for each dataset, realisation and 
NIC, subtract original data and compute power spectra P


• Transfer function for each sub season determined through  
T_cross = P(ICA(d+m) , m) / P(m)  
T_auto = P(ICA(d+m) - P(ICA(d)) /P(m)


• Correct for signal loss via P(ICA(d)) / T


• Some discussion remaining to finalise transfer function (later)



Signal loss comparison 

100 mock realisations;  Sub data set A





Dataset A

Dataset D

Dataset B

Dataset C

Signal loss comparison 



Based 100 mock realisations added to the data pre-fastICA and  
run through our analysis pipeline

Foreground Subtraction Transfer Function to 
correct for HI signal loss



Auto-season -> noise dominated

Cross-season -> upper limit of HI intensity mapping

GBT HI intensity mapping power spectrum



Galaxy samples: data 
and mock



ELG LRG WiggleZ



• Semi-analytic simulation, light cone with data geometry based on 
Millennium N-body, galaxy formation Dark SAGE; Galaxies with 
log10(M*)>8.5M_sun


• Redshift Space Distortions included


• Spectral energy distribution following Conroy 2009, Filters for SDSS 
ugriz, Galex FUV/NUV and Spitzer IRAC1


• Mock galaxy samples based on eBOSS target selections

LRG

ELG
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Galaxy-intensity mapping 
cross-correlation



GBT-WiggleZ cross-power spectrum



GBT-ELG cross-power spectrum



GBT-LRG cross-power spectrum



The empirical model we use includes CAMB-HALOFIT matter power spectrum, 
Kaiser dark matter RSDs, and the galaxy bias and HI factors:

The model is weighted and convolved with the beam, i.e. it goes through the 
same pipeline as the data.
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Model choice for HI constraints

PHIg(k) = THIbHIbgrP��(k)

THI / ⌦HI

Our goal is to constrain: ⌦HIbHIr



Power spectra and detection significance



Power spectra and detection significance



Power spectra and detection significance



Constrain HI density via ΩHIbHIrHI−gal



HI energy density constraints

Further Assumptions: 
 

Cross-correlation factor for WiggleZ  
Use this as benchmark and derive ELG and LRG r from our simulations 

 and  

bHI = 0.825
rHI,Wig = 0.9

rHI,ELG = 0.7 rHI,LRG = 0.6




