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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections 
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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Quasars

• Brightest objects in the Universe powered by accretion disk of a SMBH 

• Emit across the EM spectrum and can be observed in radio, IR, visible, UV 
and X-ray 

• Reach maximum luminosity in UV at 1216 Å (the Lyα e- transition of HI)  

• Can be found on a broad range of distances: 0.1 < z < 7 

• More abundant in the early Universe than today ; higher density of 
quasars at redshift z = 2 — 3 

• Provide an uncalibrated broadband backlight

… what does that mean ?
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Quasars as backlight

Distant Quasars

Earth

Intervening Matter
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Quasars as backlight

Credit : Pontzen, UCL
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SDSS-III/BOSS

• Sloan Digital Sky Survey IIIrd Generation 

• Baryon Oscillation Spectroscopic Survey 

• 2009 - 2014 

• 2.5 m Telescope at Apache Point Observatory, Cloudcroft, New Mexico 

• 2 optical spectrographs : 3600 Å - 10400 Å 

• Cover 10 000 sq. degres => ~1/4 of the sky  

• 2370 plates    ; 1000 targets per plate 

• 3° diameter field of view
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Redshift Surveys
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BOSS galaxies 
0.2 < z < 0.7 
1.3 M spectra

BOSS quasars / Lyα forest 
2.0 < z < 3.5 
160 k spectra
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Observed Flux to 
Cosmological Fluctuations

F (�) =
f(�)

C(�)
<latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit>

Transmitted  
flux fraction

� = �↵,c(1 + z↵,c)
<latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit>

Observed Wavelength Absorption Redshift

Lyman Alpha wavelength : 1216 Å 
Triply ionized Carbon wavelength : 1550 Å

As a result, for an observed 
wavelength of 4000 Å : 

z↵ = 2.29 while zc = 1.58
<latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit>

Observed flux

Quasar continuum
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Observed Flux to 
Cosmological Fluctuations

F (�) =
f(�)

C(�)
<latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit>

Transmitted  
flux fraction

� = �↵,c(1 + z↵,c)
<latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit>

Observed Wavelength Absorption Redshift

Lyman Alpha wavelength : 1216 Å 
Triply ionized Carbon wavelength : 1550 Å

As a result, for an observed 
wavelength of 4000 Å : 

z↵ = 2.29 while zc = 1.58
<latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit>

Observed flux

Quasar continuum
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Observed Flux to 
Cosmological Fluctuations

F (�) =
f(�)

C(�)
<latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit><latexit sha1_base64="vEKRJTYtqJS8MCfaB67dyqH6RgY=">AAACE3icbVDLSsNAFL3xWesr6tLNYBGqi5KIoBuhWBCXFewDmlAmk0k7dPJgZiKU0H9w46+4caGIWzfu/BunbfDRemDgcM653LnHSziTyrI+jYXFpeWV1cJacX1jc2vb3NltyjgVhDZIzGPR9rCknEW0oZjitJ0IikOP05Y3qI391h0VksXRrRom1A1xL2IBI1hpqWseX5UdruM+PkIXyAkEJlnwLY2y2g/vmiWrYk2A5omdkxLkqHfND8ePSRrSSBGOpezYVqLcDAvFCKejopNKmmAywD3a0TTCIZVuNrlphA614qMgFvpFCk3U3xMZDqUchp5Ohlj15aw3Fv/zOqkKzt2MRUmqaESmi4KUIxWjcUHIZ4ISxYeaYCKY/isifax7UbrGoi7Bnj15njRPKrZVsW9OS9XLvI4C7MMBlMGGM6jCNdShAQTu4RGe4cV4MJ6MV+NtGl0w8pk9+APj/QuyoZzN</latexit>

Transmitted  
flux fraction

� = �↵,c(1 + z↵,c)
<latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit><latexit sha1_base64="FbWQsNeE5PcLJQT8KgbO0DVHGc0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVS5kRQTdC0Y3LCvYBnWG4k2ba0MyDJCPUoT/hxl9x40IRt4I7/8a0nUVtPRA4Oedcknv8hDOpLOvHWFpeWV1bL2wUN7e2d3bNvf2mjFNBaIPEPBZtHyTlLKINxRSn7URQCH1OW/7gZuy3HqiQLI7u1TChbgi9iAWMgNKSZ1YcrsNdwFc4Z17mAE/6UCGjsn36OHM98cySVbUmwIvEzkkJ5ah75rfTjUka0kgRDlJ2bCtRbgZCMcLpqOikkiZABtCjHU0jCKl0s8lWI3yslS4OYqFPpPBEnZ3IIJRyGPo6GYLqy3lvLP7ndVIVXLoZi5JU0YhMHwpSjlWMxxXhLhOUKD7UBIhg+q+Y9EEAUbrIoi7Bnl95kTTPqrZVte/OS7XrvI4COkRHqIxsdIFq6BbVUQMR9IRe0Bt6N56NV+PD+JxGl4x85gD9gfH1C/x6nhE=</latexit>

Observed Wavelength Absorption Redshift

Lyman Alpha wavelength : 1216 Å 
Triply ionized Carbon wavelength : 1550 Å

As a result, for an observed 
wavelength of 4000 Å : 

z↵ = 2.29 while zc = 1.58
<latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit><latexit sha1_base64="XADWw7Cg8AcmOlE/3qnU+09fV+g=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKnZTcoiQch6MWjgtFANoTeySQZMvtwpleNSz7Fi7/ixYMietOvcZLsQRMLBoqqanq6/FgKjY7zZc3Mzs0vLC4t51ZW19Y38ptbVzpKFONVFslI1XzQXIqQV1Gg5LVYcQh8ya/93unQv77lSosovMR+zBsBdELRFgzQSM186aGZeiDjLgzoMS3axSPq3STQoh7ye0zvukLyQSaZKBumXPuw3MwXHNsZgU4TNyMFkuG8mf/0WhFLAh4ik6B13XVibKSgUDCzIuclmsfAetDhdUNDCLhupKMDB3TPKC3ajpR5IdKR+nsihUDrfuCbZADY1ZPeUPzPqyfYLjdSEcYJ8pCNF7UTSTGiw7ZoSyjOUPYNAaaE+StlXVDA0HSaMyW4kydPk6ui7Tq2e3FQqJxkdSyRHbJL9olLSqRCzsg5qRJGHskzeSVv1pP1Yr1bH+PojJXNbJM/sL5/AOtNoYk=</latexit>

�F (x) =
F (x)� F̄

F̄
<latexit sha1_base64="zYzZne7qWMCUatKJTDMJ3cYcGOI=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCXRgSEXQjFIXisoK9QBPCZDJph04uzEzEEvIWbnwVNy4Ucas738ZJG0FbDwx88//nMHN+L2FUSNP80hYWl5ZXVitr1fWNza1tfWe3I+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6Krwu3eECxpHt3KcECdEg4gGFCOpJFc3bJ8widysmdfvj+AFtAOOcNYsLsfQ9hBXTp79gKvXTMOcFJwHq4QaKKvl6p+2H+M0JJHEDAnRt8xEOhnikmJG8qqdCpIgPEID0lcYoZAIJ5vslcNDpfgwiLk6kYQT9fdEhkIhxqGnOkMkh2LWK8T/vH4qg3Mno1GSShLh6UNByqCMYRES9CknWLKxAoQ5VX+FeIhUMFJFWVUhWLMrz0PnxLBMw7o5rTUuyzgqYB8cgDqwwBlogGvQAm2AwQN4Ai/gVXvUnrU37X3auqCVM3vgT2kf30XLnsI=</latexit><latexit sha1_base64="zYzZne7qWMCUatKJTDMJ3cYcGOI=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCXRgSEXQjFIXisoK9QBPCZDJph04uzEzEEvIWbnwVNy4Ucas738ZJG0FbDwx88//nMHN+L2FUSNP80hYWl5ZXVitr1fWNza1tfWe3I+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6Krwu3eECxpHt3KcECdEg4gGFCOpJFc3bJ8widysmdfvj+AFtAOOcNYsLsfQ9hBXTp79gKvXTMOcFJwHq4QaKKvl6p+2H+M0JJHEDAnRt8xEOhnikmJG8qqdCpIgPEID0lcYoZAIJ5vslcNDpfgwiLk6kYQT9fdEhkIhxqGnOkMkh2LWK8T/vH4qg3Mno1GSShLh6UNByqCMYRES9CknWLKxAoQ5VX+FeIhUMFJFWVUhWLMrz0PnxLBMw7o5rTUuyzgqYB8cgDqwwBlogGvQAm2AwQN4Ai/gVXvUnrU37X3auqCVM3vgT2kf30XLnsI=</latexit><latexit sha1_base64="zYzZne7qWMCUatKJTDMJ3cYcGOI=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCXRgSEXQjFIXisoK9QBPCZDJph04uzEzEEvIWbnwVNy4Ucas738ZJG0FbDwx88//nMHN+L2FUSNP80hYWl5ZXVitr1fWNza1tfWe3I+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6Krwu3eECxpHt3KcECdEg4gGFCOpJFc3bJ8widysmdfvj+AFtAOOcNYsLsfQ9hBXTp79gKvXTMOcFJwHq4QaKKvl6p+2H+M0JJHEDAnRt8xEOhnikmJG8qqdCpIgPEID0lcYoZAIJ5vslcNDpfgwiLk6kYQT9fdEhkIhxqGnOkMkh2LWK8T/vH4qg3Mno1GSShLh6UNByqCMYRES9CknWLKxAoQ5VX+FeIhUMFJFWVUhWLMrz0PnxLBMw7o5rTUuyzgqYB8cgDqwwBlogGvQAm2AwQN4Ai/gVXvUnrU37X3auqCVM3vgT2kf30XLnsI=</latexit><latexit sha1_base64="zYzZne7qWMCUatKJTDMJ3cYcGOI=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCXRgSEXQjFIXisoK9QBPCZDJph04uzEzEEvIWbnwVNy4Ucas738ZJG0FbDwx88//nMHN+L2FUSNP80hYWl5ZXVitr1fWNza1tfWe3I+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre6Krwu3eECxpHt3KcECdEg4gGFCOpJFc3bJ8widysmdfvj+AFtAOOcNYsLsfQ9hBXTp79gKvXTMOcFJwHq4QaKKvl6p+2H+M0JJHEDAnRt8xEOhnikmJG8qqdCpIgPEID0lcYoZAIJ5vslcNDpfgwiLk6kYQT9fdEhkIhxqGnOkMkh2LWK8T/vH4qg3Mno1GSShLh6UNByqCMYRES9CknWLKxAoQ5VX+FeIhUMFJFWVUhWLMrz0PnxLBMw7o5rTUuyzgqYB8cgDqwwBlogGvQAm2AwQN4Ai/gVXvUnrU37X3auqCVM3vgT2kf30XLnsI=</latexit>

Flux fluctuations in pixels trace the density  
along the line of sight to the quasar

Observed flux

Quasar continuum

�F = bF �
<latexit sha1_base64="cPa62JjJid3RfzrNnP0sA5vUgco=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmRNCNUBTEZQX7gHYomUymDc1khiQjlLELf8WNC0Xc+hvu/Bsz7Sy09UDCyTn3cm+On3CmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsfXed++4FKxWJxr8cJ9SI8ECxkBGsj9e2DXkC5xv3sZnLp53fxtqtOzZkCLRK3IFUo0OjbX70gJmlEhSYcK9V1nUR7GZaaEU4nlV6qaILJCA9o11CBI6q8bLr/BB0bJUBhLM0RGk3V3x0ZjpQaR76pjLAeqnkvF//zuqkOL7yMiSTVVJDZoDDlSMcoDwMFTFKi+dgQTCQzuyIyxBITbSKrmBDc+S8vktZpzXVq7t1ZtX5VxFGGQziCE3DhHOpwCw1oAoFHeIZXeLOerBfr3fqYlZasomcf/sD6/AEmj5Ys</latexit><latexit sha1_base64="cPa62JjJid3RfzrNnP0sA5vUgco=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmRNCNUBTEZQX7gHYomUymDc1khiQjlLELf8WNC0Xc+hvu/Bsz7Sy09UDCyTn3cm+On3CmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsfXed++4FKxWJxr8cJ9SI8ECxkBGsj9e2DXkC5xv3sZnLp53fxtqtOzZkCLRK3IFUo0OjbX70gJmlEhSYcK9V1nUR7GZaaEU4nlV6qaILJCA9o11CBI6q8bLr/BB0bJUBhLM0RGk3V3x0ZjpQaR76pjLAeqnkvF//zuqkOL7yMiSTVVJDZoDDlSMcoDwMFTFKi+dgQTCQzuyIyxBITbSKrmBDc+S8vktZpzXVq7t1ZtX5VxFGGQziCE3DhHOpwCw1oAoFHeIZXeLOerBfr3fqYlZasomcf/sD6/AEmj5Ys</latexit><latexit sha1_base64="cPa62JjJid3RfzrNnP0sA5vUgco=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmRNCNUBTEZQX7gHYomUymDc1khiQjlLELf8WNC0Xc+hvu/Bsz7Sy09UDCyTn3cm+On3CmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsfXed++4FKxWJxr8cJ9SI8ECxkBGsj9e2DXkC5xv3sZnLp53fxtqtOzZkCLRK3IFUo0OjbX70gJmlEhSYcK9V1nUR7GZaaEU4nlV6qaILJCA9o11CBI6q8bLr/BB0bJUBhLM0RGk3V3x0ZjpQaR76pjLAeqnkvF//zuqkOL7yMiSTVVJDZoDDlSMcoDwMFTFKi+dgQTCQzuyIyxBITbSKrmBDc+S8vktZpzXVq7t1ZtX5VxFGGQziCE3DhHOpwCw1oAoFHeIZXeLOerBfr3fqYlZasomcf/sD6/AEmj5Ys</latexit><latexit sha1_base64="cPa62JjJid3RfzrNnP0sA5vUgco=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmRNCNUBTEZQX7gHYomUymDc1khiQjlLELf8WNC0Xc+hvu/Bsz7Sy09UDCyTn3cm+On3CmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsfXed++4FKxWJxr8cJ9SI8ECxkBGsj9e2DXkC5xv3sZnLp53fxtqtOzZkCLRK3IFUo0OjbX70gJmlEhSYcK9V1nUR7GZaaEU4nlV6qaILJCA9o11CBI6q8bLr/BB0bJUBhLM0RGk3V3x0ZjpQaR76pjLAeqnkvF//zuqkOL7yMiSTVVJDZoDDlSMcoDwMFTFKi+dgQTCQzuyIyxBITbSKrmBDc+S8vktZpzXVq7t1ZtX5VxFGGQziCE3DhHOpwCw1oAoFHeIZXeLOerBfr3fqYlZasomcf/sD6/AEmj5Ys</latexit>

bias



 Satya Gontcho A Gontcho         “IGM-based cosmology: from BOSS to DESI”               CPPM, Jan. 14th 2019   �11

Observed Flux to 
Cosmological Fluctuations

Measurement of the two-point correlation function of Hydrogen clouds, assuming a 
linear bias, gives us access to the dark matter distribution :

⇠F (r) = b2
F
h�(~x)�(~x+ ~r)i = b2

F
⇠(r)

<latexit sha1_base64="xDHu5kyEE3XyAS8GKBMX3kYQGF0="></latexit><latexit sha1_base64="xDHu5kyEE3XyAS8GKBMX3kYQGF0="></latexit><latexit sha1_base64="xDHu5kyEE3XyAS8GKBMX3kYQGF0="></latexit><latexit sha1_base64="xDHu5kyEE3XyAS8GKBMX3kYQGF0="></latexit>

The two-point correlation function is the Fourier transform of the power spectrum :

⇠F (r) =
1

(2⇡)3

Z
PF (k)e

�i~k⇥~rd3k
<latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit>

Measured from observation Flux 3D power spectrum

.
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Observed Flux to 

The two-point correlation function is the Fourier transform of the power spectrum :

⇠F (r) =
1

(2⇡)3

Z
PF (k)e

�i~k⇥~rd3k
<latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit><latexit sha1_base64="kbbsGrEZN2bAwTLqW2NUzPuzogQ="></latexit>

Measured from observation Flux 3D power spectrum

In redshift space, the Kaiser effect describes the redshift space distortions resulting 
from peculiar velocities :

PF (k) = b2
F
(1 + �µ2

k)
2PL(k)

<latexit sha1_base64="uAUF5iiXGhDYy8lmc6SoWSVhY/g="></latexit><latexit sha1_base64="uAUF5iiXGhDYy8lmc6SoWSVhY/g="></latexit><latexit sha1_base64="uAUF5iiXGhDYy8lmc6SoWSVhY/g="></latexit><latexit sha1_base64="uAUF5iiXGhDYy8lmc6SoWSVhY/g="></latexit> Predicted by  
cosmological models bias redshift  

distortion parameter

.
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BAO

Credit : Wright, UCLA

Dark Matter

Baryon-photon  
fluid (before  
recombination)

Baryons

Sound wave imprint a signature 
into the distribution of matter at 
large-scale: 

Baryon Acoustic Oscillations 
(BAO) 
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BAO

Credit : BOSS collaboration
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections  
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities  
• Statistical challenges
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BAO from BOSS Lyα

Lyα auto-correlation                                                Lyα x Quasars cross-correlation 
Bautista et al. (2017)                                          du Mas des Bourboux et al. (2017)

SDSS-III/BOSS DR12

Two independent ways of measuring the BAO scale :

1 analysis pixel :

1 plate :

1Å ⇠ 70kms�1 ⇠ 0.7h�1Mpc
<latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit>

3 deg ⇠ 210h�1Mpc
<latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit>
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BAO from BOSS Lyα

Lyα auto-correlation                                                Lyα x Quasars cross-correlation 
Bautista et al. (2017)                                          du Mas des Bourboux et al. (2017)

SDSS-III/BOSS DR12

Two independent ways of measuring the BAO scale :

1 analysis pixel :

1 plate :

1Å ⇠ 70kms�1 ⇠ 0.7h�1Mpc
<latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit><latexit sha1_base64="5xqwnS8mJio4bbxcWpEHG7MrTkM=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCG8uMCHUlrW7cCBXsBTq1ZNK0DU1mhuSMWIZ5Gze+ihtBRXTpm5i2s9DWA4E/338Oyfn9SHANjvNlLSwuLa+s5tby6xubW9v2zm5dh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+8HPuNe6Y0D4NbGEWsLUk/4D1OCRjUsc9d7AF7gMSrVFLsaS5xycnQUOr0Ljl2M+4US3gwuU/t64imHbvgFJ1J4XnhZqKAsqp27FevG9JYsgCoIFq3XCeCdkIUcCpYmvdizSJCh6TPWkYGRDLdTiZ7pvjQkC7uhcqcAPCE/p5IiNR6JH3TKQkM9Kw3hv95rRh6Z+2EB1EMLKDTh3qxwBDicWi4yxWjIEZGEKq4+SumA6IIBRNt3oTgzq48L+onRdcpujenhfJFFkcO7aMDdIRcVEJldIWqqIYoekTP6A29W0/Wi/VhfU5bF6xsZg/9Kev7BwHxpNI=</latexit>

3 deg ⇠ 210h�1Mpc
<latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit><latexit sha1_base64="FpU8S2fscSzLhfsr5mV0Q+RLEBc=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPMcxEQY9BL16ECGaBTAw9nUrSpGehu0YMw/yEF3/FiwdFvAre/Bs7y0ETX1HweK+K7npeJIVG2/62FhaXlldWM2vZ9Y3Nre3czm5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUvcHlyK/fg9IiDG5xGEHLZ71AdAVnaKR2rnBC3YIphAdMOtBLqauFT0uO7RZo/y45dtKJdx3xtJ3L20V7DDpPnCnJkykq7dyX2wl57EOAXDKtm44dYSthCgWXkGbdWEPE+ID1oGlowHzQrWR8VUoPjdKh3VCZDpCO1d8bCfO1HvqemfQZ9vWsNxL/85oxds9biQiiGCHgk4e6saQY0lFEtCMUcJRDQxhXwvyV8j5TjKMJMmtCcGZPnie1UtGxi87Nab58MY0jQ/bJATkiDjkjZXJFKqRKOHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr8wcKRp2E</latexit>
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BAO from BOSS Lyα

In a flat ΛCDM model : 
⌦m = 0.292± 0.019

<latexit sha1_base64="B6MC6YR19G9OA/3MPrP9SjTlB2U=">AAACA3icbZDNSgMxFIXv1L9a/0bd6SZYBFdlpgjahVB0484KthU6w5BJM21oMjMkGaGUghtfxY0LRdz6Eu58G9N2Ftp6IeTjnHtJ7glTzpR2nG+rsLS8srpWXC9tbG5t79i7ey2VZJLQJkl4Iu9DrChnMW1qpjm9TyXFIuS0HQ6uJn77gUrFkvhOD1PqC9yLWcQI1kYK7APvRtAeDgS6QE6lWqsiLxWGHLcW2GVzTwstgptDGfJqBPaX101IJmisCcdKdVwn1f4IS80Ip+OSlymaYjLAPdoxGGNBlT+a7jBGx0bpoiiR5sQaTdXfEyMslBqK0HQKrPtq3puI/3mdTEfn/ojFaaZpTGYPRRlHOkGTQFCXSUo0HxrARDLzV0T6WGKiTWwlE4I7v/IitKoV16m4t6fl+mUeRxEO4QhOwIUzqMM1NKAJBB7hGV7hzXqyXqx362PWWrDymX34U9bnDzsBlKk=</latexit><latexit sha1_base64="B6MC6YR19G9OA/3MPrP9SjTlB2U=">AAACA3icbZDNSgMxFIXv1L9a/0bd6SZYBFdlpgjahVB0484KthU6w5BJM21oMjMkGaGUghtfxY0LRdz6Eu58G9N2Ftp6IeTjnHtJ7glTzpR2nG+rsLS8srpWXC9tbG5t79i7ey2VZJLQJkl4Iu9DrChnMW1qpjm9TyXFIuS0HQ6uJn77gUrFkvhOD1PqC9yLWcQI1kYK7APvRtAeDgS6QE6lWqsiLxWGHLcW2GVzTwstgptDGfJqBPaX101IJmisCcdKdVwn1f4IS80Ip+OSlymaYjLAPdoxGGNBlT+a7jBGx0bpoiiR5sQaTdXfEyMslBqK0HQKrPtq3puI/3mdTEfn/ojFaaZpTGYPRRlHOkGTQFCXSUo0HxrARDLzV0T6WGKiTWwlE4I7v/IitKoV16m4t6fl+mUeRxEO4QhOwIUzqMM1NKAJBB7hGV7hzXqyXqx362PWWrDymX34U9bnDzsBlKk=</latexit><latexit sha1_base64="B6MC6YR19G9OA/3MPrP9SjTlB2U=">AAACA3icbZDNSgMxFIXv1L9a/0bd6SZYBFdlpgjahVB0484KthU6w5BJM21oMjMkGaGUghtfxY0LRdz6Eu58G9N2Ftp6IeTjnHtJ7glTzpR2nG+rsLS8srpWXC9tbG5t79i7ey2VZJLQJkl4Iu9DrChnMW1qpjm9TyXFIuS0HQ6uJn77gUrFkvhOD1PqC9yLWcQI1kYK7APvRtAeDgS6QE6lWqsiLxWGHLcW2GVzTwstgptDGfJqBPaX101IJmisCcdKdVwn1f4IS80Ip+OSlymaYjLAPdoxGGNBlT+a7jBGx0bpoiiR5sQaTdXfEyMslBqK0HQKrPtq3puI/3mdTEfn/ojFaaZpTGYPRRlHOkGTQFCXSUo0HxrARDLzV0T6WGKiTWwlE4I7v/IitKoV16m4t6fl+mUeRxEO4QhOwIUzqMM1NKAJBB7hGV7hzXqyXqx362PWWrDymX34U9bnDzsBlKk=</latexit><latexit sha1_base64="B6MC6YR19G9OA/3MPrP9SjTlB2U=">AAACA3icbZDNSgMxFIXv1L9a/0bd6SZYBFdlpgjahVB0484KthU6w5BJM21oMjMkGaGUghtfxY0LRdz6Eu58G9N2Ftp6IeTjnHtJ7glTzpR2nG+rsLS8srpWXC9tbG5t79i7ey2VZJLQJkl4Iu9DrChnMW1qpjm9TyXFIuS0HQ6uJn77gUrFkvhOD1PqC9yLWcQI1kYK7APvRtAeDgS6QE6lWqsiLxWGHLcW2GVzTwstgptDGfJqBPaX101IJmisCcdKdVwn1f4IS80Ip+OSlymaYjLAPdoxGGNBlT+a7jBGx0bpoiiR5sQaTdXfEyMslBqK0HQKrPtq3puI/3mdTEfn/ojFaaZpTGYPRRlHOkGTQFCXSUo0HxrARDLzV0T6WGKiTWwlE4I7v/IitKoV16m4t6fl+mUeRxEO4QhOwIUzqMM1NKAJBB7hGV7hzXqyXqx362PWWrDymX34U9bnDzsBlKk=</latexit>

⌦m = 0.315± 0.017
<latexit sha1_base64="kYK1TpZjXFSvmuuU/VfCIZbOAj8=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIrsrEC3UjFN24s4K9QGcYMmmmDU0yQ5IRSim48VXcuFDErS/hzrcxbWehrQdCPv7/HJLzRyln2njet7OwuLS8slpYK65vbG5tuzu7DZ1kitA6SXiiWhHWlDNJ64YZTlupolhEnDaj/vXYbz5QpVki780gpYHAXcliRrCxUuju+7eCdnEo4CX0yqfoHPqpsOShSuiW7D0pOA8ohxLIqxa6X34nIZmg0hCOtW4jLzXBECvDCKejop9pmmLSx13atiixoDoYTnYYwSOrdGCcKHukgRP198QQC60HIrKdApuenvXG4n9eOzPxRTBkMs0MlWT6UJxxaBI4DgR2mKLE8IEFTBSzf4WkhxUmxsZWtCGg2ZXnoXFSRl4Z3Z2Vqld5HAVwAA7BMUCgAqrgBtRAHRDwCJ7BK3hznpwX5935mLYuOPnMHvhTzucPMbuUow==</latexit><latexit sha1_base64="kYK1TpZjXFSvmuuU/VfCIZbOAj8=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIrsrEC3UjFN24s4K9QGcYMmmmDU0yQ5IRSim48VXcuFDErS/hzrcxbWehrQdCPv7/HJLzRyln2njet7OwuLS8slpYK65vbG5tuzu7DZ1kitA6SXiiWhHWlDNJ64YZTlupolhEnDaj/vXYbz5QpVki780gpYHAXcliRrCxUuju+7eCdnEo4CX0yqfoHPqpsOShSuiW7D0pOA8ohxLIqxa6X34nIZmg0hCOtW4jLzXBECvDCKejop9pmmLSx13atiixoDoYTnYYwSOrdGCcKHukgRP198QQC60HIrKdApuenvXG4n9eOzPxRTBkMs0MlWT6UJxxaBI4DgR2mKLE8IEFTBSzf4WkhxUmxsZWtCGg2ZXnoXFSRl4Z3Z2Vqld5HAVwAA7BMUCgAqrgBtRAHRDwCJ7BK3hznpwX5935mLYuOPnMHvhTzucPMbuUow==</latexit><latexit sha1_base64="kYK1TpZjXFSvmuuU/VfCIZbOAj8=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIrsrEC3UjFN24s4K9QGcYMmmmDU0yQ5IRSim48VXcuFDErS/hzrcxbWehrQdCPv7/HJLzRyln2njet7OwuLS8slpYK65vbG5tuzu7DZ1kitA6SXiiWhHWlDNJ64YZTlupolhEnDaj/vXYbz5QpVki780gpYHAXcliRrCxUuju+7eCdnEo4CX0yqfoHPqpsOShSuiW7D0pOA8ohxLIqxa6X34nIZmg0hCOtW4jLzXBECvDCKejop9pmmLSx13atiixoDoYTnYYwSOrdGCcKHukgRP198QQC60HIrKdApuenvXG4n9eOzPxRTBkMs0MlWT6UJxxaBI4DgR2mKLE8IEFTBSzf4WkhxUmxsZWtCGg2ZXnoXFSRl4Z3Z2Vqld5HAVwAA7BMUCgAqrgBtRAHRDwCJ7BK3hznpwX5935mLYuOPnMHvhTzucPMbuUow==</latexit><latexit sha1_base64="kYK1TpZjXFSvmuuU/VfCIZbOAj8=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIrsrEC3UjFN24s4K9QGcYMmmmDU0yQ5IRSim48VXcuFDErS/hzrcxbWehrQdCPv7/HJLzRyln2njet7OwuLS8slpYK65vbG5tuzu7DZ1kitA6SXiiWhHWlDNJ64YZTlupolhEnDaj/vXYbz5QpVki780gpYHAXcliRrCxUuju+7eCdnEo4CX0yqfoHPqpsOShSuiW7D0pOA8ohxLIqxa6X34nIZmg0hCOtW4jLzXBECvDCKejop9pmmLSx13atiixoDoYTnYYwSOrdGCcKHukgRP198QQC60HIrKdApuenvXG4n9eOzPxRTBkMs0MlWT6UJxxaBI4DgR2mKLE8IEFTBSzf4WkhxUmxsZWtCGg2ZXnoXFSRl4Z3Z2Vqld5HAVwAA7BMUCgAqrgBtRAHRDwCJ7BK3hznpwX5935mLYuOPnMHvhTzucPMbuUow==</latexit>

BAO (BOSS)

CMB (PLANCK)
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections 
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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Corrections

• Fluctuations of the ionizing background — Gontcho A Gontcho et al. (2014)
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Corrections

• Broadband distortions — Blomqvist et al. (2015)

• Fluctuations of the ionizing background — Gontcho A Gontcho et al. (2014)

solid black : undistorted 
solid blue : distorted 

bands : different nlc considerations
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections  
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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Adjacent Science
• P1D from Lyα forest — Palanque-Delabrouille et al. (2013)

state of the art. 
opportunity for 

precision cosmology

1D correlations, one skewer at the time

~ 0.1 h/Mpc              Line of sight (1D) wavenumber            ~ 2 h/Mpc
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Adjacent Science
• P1D from Lyα forest — Palanque-Delabrouille et al. (2013)

state of the art. 
opportunity for 

precision cosmology

1D correlations, one skewer at the time

~ 0.1 h/Mpc              Line of sight (1D) wavenumber            ~ 2 h/Mpc

• Constrains on Σmν from Lyα P1D  — Palanque-Delabrouille et al. (2015)

SDSS-III/BOSS DR9 + Planck 2013
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Adjacent Science
• P1D from Lyα forest — Palanque-Delabrouille et al. (2013)

state of the art. 
opportunity for 

precision cosmology

1D correlations, one skewer at the time

~ 0.1 h/Mpc              Line of sight (1D) wavenumber            ~ 2 h/Mpc

• Constrains on Σmν from Lyα P1D  — Palanque-Delabrouille et al. (2015)

SDSS-III/BOSS DR9 + Planck 2013

• Non Linearities — Arinyo-i-Prats et al. (2015)

P3D,↵(k, µ) = PL(k)b
2
↵

�
1 + �↵µ

2
�2

DNL(k, µ)
<latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit>

Redshift Space Distortions 
Kaiser (1987) 

Kirkby et al. (2013)

Non Linear Correction 
parametrization from 

Hydro Simulations
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<latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit>

Redshift Space Distortions 
Kirkby et al. (2013) 

Kaiser (1987)

Parametrization of 
non linearities from 

Hydrodynamical Simulations
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Adjacent Science
• P1D from Lyα forest — Palanque-Delabrouille et al. (2013)

state of the art. 
opportunity for 

precision cosmology

1D correlations, one skewer at the time

~ 0.1 h/Mpc              Line of sight (1D) wavenumber            ~ 2 h/Mpc

• Constrains on Σmν from Lyα P1D  — Palanque-Delabrouille et al. (2015)

SDSS-III/BOSS DR9 + Planck 2013

• Non Linearities — Arinyo-i-Prats et al. (2015)

P3D,↵(k, µ) = PL(k)b
2
↵

�
1 + �↵µ

2
�2

DNL(k, µ)
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Redshift Space Distortions 
Kaiser (1987) 

Kirkby et al. (2013)

Non Linear Correction 
parametrization from 

Hydro Simulations

• DLA x Lyα forest — Pérez-Ràfols et al. (2017)

DLA

bDLA
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Adjacent Science
• P1D from Lyα forest — Palanque-Delabrouille et al. (2013)

state of the art. 
opportunity for 

precision cosmology

1D correlations, one skewer at the time

~ 0.1 h/Mpc              Line of sight (1D) wavenumber            ~ 2 h/Mpc

• Constrains on Σmν from Lyα P1D  — Palanque-Delabrouille et al. (2015)

SDSS-III/BOSS DR9 + Planck 2013

• Non Linearities — Arinyo-i-Prats et al. (2015)

P3D,↵(k, µ) = PL(k)b
2
↵

�
1 + �↵µ

2
�2

DNL(k, µ)
<latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit><latexit sha1_base64="Bz4ngmHs6CXZAQbCpu8pU+6RehU="></latexit>

Redshift Space Distortions 
Kaiser (1987) 

Kirkby et al. (2013)

Non Linear Correction 
parametrization from 

Hydro Simulations

• DLA x Lyα forest — Pérez-Ràfols et al. (2017)

DLA

bDLA
<latexit sha1_base64="g4tdoYyp7NX5wAiV3D//nhNdeTQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMf4OHjwEME8IFnC7KQ3GTI7u8zMCmHJR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusJleaxfDTjBP2IDiQPOaPGSq2gl93eX0165YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns3Mn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT30mfK2RGjC2hTHF7K2FDqigzNqGSDcFbfHmZNM+qnlv1Hs4rtes8jiIcwTGcggcXUIM7qEMDGIzgGV7hzUmcF+fd+Zi3Fpx85hD+wPn8Ae7rj0o=</latexit><latexit sha1_base64="g4tdoYyp7NX5wAiV3D//nhNdeTQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMf4OHjwEME8IFnC7KQ3GTI7u8zMCmHJR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusJleaxfDTjBP2IDiQPOaPGSq2gl93eX0165YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns3Mn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT30mfK2RGjC2hTHF7K2FDqigzNqGSDcFbfHmZNM+qnlv1Hs4rtes8jiIcwTGcggcXUIM7qEMDGIzgGV7hzUmcF+fd+Zi3Fpx85hD+wPn8Ae7rj0o=</latexit><latexit sha1_base64="g4tdoYyp7NX5wAiV3D//nhNdeTQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMf4OHjwEME8IFnC7KQ3GTI7u8zMCmHJR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusJleaxfDTjBP2IDiQPOaPGSq2gl93eX0165YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns3Mn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT30mfK2RGjC2hTHF7K2FDqigzNqGSDcFbfHmZNM+qnlv1Hs4rtes8jiIcwTGcggcXUIM7qEMDGIzgGV7hzUmcF+fd+Zi3Fpx85hD+wPn8Ae7rj0o=</latexit><latexit sha1_base64="g4tdoYyp7NX5wAiV3D//nhNdeTQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMf4OHjwEME8IFnC7KQ3GTI7u8zMCmHJR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjG6mfusJleaxfDTjBP2IDiQPOaPGSq2gl93eX0165YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns3Mn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT30mfK2RGjC2hTHF7K2FDqigzNqGSDcFbfHmZNM+qnlv1Hs4rtes8jiIcwTGcggcXUIM7qEMDGIzgGV7hzUmcF+fd+Zi3Fpx85hD+wPn8Ae7rj0o=</latexit>

• CIV Forest x Quasars  —  Gontcho A Gontcho et al. (2017))

bc
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First measurement of the  
transmission bias of CIV forest
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People that haven’t been mentioned so far but that were instrumental in 
the Lyα working group and all resulting papers over the course of BOSS: 

Nicolas Busca (Paris 6) 
Andreu Font-Ribera (UCL) 

Julien Guy (LBNL) 
Jean-Marc Le Goff (Saclay) 

Jordi Miralda-Escudé (Barcelona) 
James Rich (Saclay) 
Anže Slosar (BNL) 

Christophe Yèche (Saclay) 
… 
+ 

Isabelle Pâris  (Mention d’honneur !)

LyA Working Group
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections  
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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BOSS vs DESI

• Mirror area  x  2.4 
• Number of fibers  x   5 
• Telescope throughput  x  1.6 

• Resolution  x  2.3  at 7000 Å (for ELGs OII doublet detection, but 
higher S/N for all lines) 

• Fiber positioners instead of drilled plates : more flexibility/science 
• Stable spectrographs : smaller sky systematic residuals 
• Atmospheric Dispersion Compensator : smaller fiber aperture losses 

• DESI can an detect an emission line 3 times fainter than BOSS in the 
same exposure time 

• …or detect the same galaxy 9 times faster 

• and so DESI can measure redshifts 45 times faster than BOSS for 
ELGs and 20 times faster for QSOs (no resolution gain)

Thank you Julien Guy for this on point comparison !

The Dark Energy Spectroscopic Instrument :  Mayall (3.7 m) at Kitt Peak, AZ
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BOSS vs DESI

BOSS equivalent
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BOSS vs DESI

BOSS equivalent

Corrector Barrel             +             Lenses

UCL, May 2018 : Lens in barrel, alignment done,  
now shipped and installed at Kitt Peak !

(slide from R.Weschler)

“Overview of the DESI Legacy Imaging Surveys” 
Dey, Schlegel, Lang et al. (2018) ; arXiv: 1804.08657
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BOSS vs DESI

BOSS equivalent

Corrector Barrel             +             Lenses

UCL, May 2018 : Lens in barrel, alignment done,  
now shipped and installed at Kitt Peak !

(slide from R.Weschler)

“Overview of the DESI Legacy Imaging Surveys” 
Dey, Schlegel, Lang et al. (2018) ; arXiv: 1804.08657On sky commissioning starts : mid-2019

6 months Science Verification starts :end-2019… 
…followed by 5 years survey

End of DESI imaging : early -2019
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BOSS vs DESI

Overdensities 
Underdensities
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BOSS galaxies 
0.2 < z < 0.7 
1.3 M spectra

BOSS quasars / Lyα forest 
2.0 < z < 3.5 
160 k spectra

2

4

6

8

10

12

Lo
ok

 ba
ck

 tim
e (

bil
lio

n y
ea

rs)

(curtesy of J. Guy)

Increase BOSS data set by an order of magnitude !



 Satya Gontcho A Gontcho         “IGM-based cosmology: from BOSS to DESI”               CPPM, Jan. 14th 2019   �35

Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections 
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges



 Satya Gontcho A Gontcho         “IGM-based cosmology: from BOSS to DESI”               CPPM, Jan. 14th 2019   �36

Forecasts

Redshift
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DESI projections, Font-Ribera et al. (2014b)
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections  
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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Small scale clustering  
of Lyα forest

Combined with CMB it 
allows us to study: 

• shape of primordial P(k) 
• dark matter properties 
• neutrino mass
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Small scale clustering  
of Lyα forest

Quasar 
Spectra

Flux correlations 
(P1D or P3D)

Density 
power spectrum 

Cosmo Params 

Hydrodynamical 
simulations

Planck (+ others)

Estimator

Likelihood

MCMC

NLC (Arinyo-i-Prats 2015)

gives 
parametrization

measures NLC parameters from P1D

Gontcho A Gontcho, Lahav, 
Font-Ribera (in prep)

neutrino mass 
DM models/properties 

+  astrophysical effects…
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Outline

• Intergalactic Medium - based Cosmology :  
• What is it ? 

• The SDSS-III Baryon Oscillation Spectroscopic Survey 
• Main cosmological results 
• Corrections 
• Adjacent science 

• The Dark Energy Spectroscopic Instrument 
• BOSS vs DESI 
• BAO forecasts for DESI Lyα 
• Opportunities 
• Statistical challenges
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3D P(k) estimators

Quasar 
Spectra

Flux correlations 
(P1D or P3D)

Estimator

x 1 order of magnitude data

Motivations : 
alternative way to study BAO 
constrain cosmology from Lyα clustering beyond BAO 

DESI forecast dominated by P3D, not P1D 

Current status : 
1D analyses have used FFT / pseudo-Cl and Maximum likelihood 
3D studies of BOSS (and eBOSS) 

Brute force is no longer enough: 1 billion pixels correlated with each other



 Satya Gontcho A Gontcho         “IGM-based cosmology: from BOSS to DESI”               CPPM, Jan. 14th 2019   �42

3D P(k) estimators
Possible ways to go : 

Font-Ribera, McDonald, Slosar (2018) : controlled approximations pertaining 
to LyA forest.  

• formalism that allows for a unified P1D + P3D likelihood (definition of 
a cross-spectrum) and shows encouraging results 

• … next step is to incorporate more systematics to test on more realistic 
data 

Demina et al. (2017) : developed a fast algorithm to calculate the Galaxy two -
point correlation — computation time reduced by an order of magnitude ! 

• up to now : contrasting the observed distribution of galaxies with that 
of a uniformly populated random catalog 

• this fast algorithm : Using the assumption that the distribution of 
random galaxies in redshift is independent of angular position allows 
us to replace pairwise combinatorics with fast integration over 
probability maps.

To what extent can this technique be adapted 

for use on Lyman-α forest analyses ?
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Summary

The SDSS-III Baryon Oscillation Spectroscopic Survey 
• 2% measurement at z~2.3 (quasars and the Lyman-α forest) 
• BOSS Ly-α showed the forest is ready for precision cosmology

The Dark Energy Spectroscopic Instrument 
• DESI will represent an order of magnitude jump in precision 
• Lyα offers a unique window to small scales 
• Strong constraints on warm dark matter, neutrinos or running 
• Several statistical and computational challenges…

That’s all about the science…. but hold on ! 
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The Supernova Foundation

THE SUPERNOVA FOUNDATION 
Mentoring For Women In Physics 

Why the need for such a program ?  

Gender gap in STEM is a serious international societal problem which needs to be addressed. 
Particularly in developing countries — but not only,  

the environment for women in STEM is often challenging with little to no support system.  

The Supernova Foundation… 

…Seeks to connect female undergraduate students to established female physicists 

…Provides support as they transition to postgraduate studies, in the form of personal mentoring 

…brings together 46 international mentors 

… received 100+ applications for the second year of the program 

Please consider being a Mentor, referring a Mentee or advertising this program : 

http://supernovafoundation.org/apply/

http://supernovafoundation.org/apply/

