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Clustering analysis goals

р +ÈÜßÐú� ê­� È�ê­Ð�ÐÂÐ¨ā ïã�� êÐ �É�Âāã� ��ê� ϯ
�Gϰ
р ��ú�ÂÐÜÈ�Éê Ð§ §�ãê È�ê­Ð� êÐ È��ãïß� �É°ãÐêßÐÜ°� ã°¨É�Â ϯSϗ ξϰ
р How to combine data from different volumes within the surveys.
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How to combine data from wide redshift ranges
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How to combine data from wide redshift ranges

V��ã­°§êЁ�°Éã ãÜÂ°êê°É¨ û°ê­ êß��°ê°ÐÉ�Â �Âïãê�ß°É¨ �É�Âāã°ãϗ

р ÂÐãã Ð§ ã°¨É�Â ��ßÐãã �°É �ÐïÉ��ß°�ã
р �ÐÈÜïê�ê°ÐÉ�Â �ĀÜ�Éã°ú�
р q°É�Ðû §ïÉ�ê°ÐÉ �§§��êã

GÜê°È�Â ß��ã­°§ê û�°¨­êã �ã ãÈÐÐê­�ß û°É�Ðûã ÐÉ ��ê�ϗ

р �ÐÈÜß�ãã°ÐÉ Ð§ ê­� °É§ÐßÈ�ê°ÐÉ °É ê­� ß��ã­°§ê �°ß��ê°ÐÉ
р ã�Éã°ê°ú°êā êÐ �úÐÂïê°ÐÉ û°ê­ ß��ã­°§ê
р ���ß��ã� �ÐÈÜïê�ê°ÐÉ�Â �§§Ðßê §Ðß Â�ß¨� ��ê� ã�êã
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���ÐïÉê°É¨ §Ðß �úÐÂïê°ÐÉϗ

р ξ(ß, Ć) → �(Ć)ϗ §σ͵(Ć)ϗ α∥(Ć),α⊥(Ć)ϜϜ Ϝ
р ξ(ß) =

∫
�Ć ξ(ß, Ć)

���ÐïÉê°É¨ §Ðß �úÐÂïê°ÐÉ °É �É ÐÜê°È�Â û�ā

р ξû(ß) =
∫
�Ć ξ(ß, Ć)û(Ć)

р ûϯĆϰ §Ðß �°§§�ß�Éê Ü�ß�È�ê�ßãϗ ��ã�� ÐÉ � đ�ï�°�Â ÈÐ��Â
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The search for optimal weights

:°É��ß �ÐÈÜß�ãã°ÐÉ Ð§ � ��ê�Ёã�ê xϗ #�ïãã°�É �°ãêß°�ïê��ϗ û°ê­ È��É µ �É�
�Ðú�ß°�É�� �ϗ

ā = w`x. ϯͮϰ

"Ðß � ã°É¨Â� Ü�ß�È�ê�ß θ°ϗ

"°° =
ͮ
ͯ

(
w`�,°w
w`�w

)ͯ

+

(
w`µ,°

)ͯ

w`�w , ϯͯϰ

q� È�Ā°È°ã� "°° ûϜßϜê w �ããïÈ°É¨ � � Üß°Ðß°ϗ �,° = ͭ �É� ê­� ÐÉÂā ÉÐÉЁêß°ú°�Â
�°¨�Éú��êÐß °ã

w` = �−ͮµ,°, ϯͰϰ
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Modelling ξ(ß, Ć), S(¿, Ć)

ξ(ß) =
∫
�Ć ξ(ß, Ć)û(Ć)

@Ð��Â°É¨ ξ(ß, Ć) �úÐÂïê°ÐÉ �ā �ÂÂÐû°É¨ §ß�� §ïÉ�ê°ÐÉã ϯ°Ϝ�Ϝ `�āÂÐß �ĀÜ�É�°É¨
�ÐãÈÐÂÐ¨°��Â Þï�Éê°ê°�ãϰ �É� È�¿°É¨ ãïß� ê­�ß� °ã �ÉÐï¨­ §ß���ÐÈ °É Ðê­�ß
Ü�ß�È�ê�ßãϜ �Ϝ¨Ϝ §Ðß ê­� Â°É��ß �°�ãϗ �(Ć) = �+ 
ĆͯϜ

р ��ß°ú� � ã�ê Ð§ û�°¨­êã §Ðß ���­ Ð§ ê­� Ü�ß�È�ê�ßã Ð§ °Éê�ß�ãêϗ ϯ�ϗ 
ϰ
р �ÜÜÂā û�°¨­êã êÐ ê­� ��ê� �ÐÈÜïê°É¨ ê­� û�°¨­ê�� ÈïÂê°ÜÐÂ�ã
Sͭ,�, Sͯ,�, Sͭ,
, Sͯ,
...

р °É�Âï�� û�°¨­êã °É ê­� ÈÐ��Â→ window function

р ¼Ð°Éê đê Ð§ �ÂÂ ê­� ÈïÂê°ÜÐÂ�ã ûϜßϜê ê­� �°§§�ß�Éê û�°¨­êãϜ
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Modelling the evolution about ΛCDM: ΩÈ(Ć,Þͭ,Þͮ), §σ͵(Ć,Üͭ,Üͮ)

ΩÈ(Ć)
ΩÈ,7B/(Ć)

= Þͭ
[
ͮ+ Þͮā(Ć) +

ͮ
ͯÞͯā(Ć)

ͯ], ϯͱϰ

ā(Ć) + ͮ ≡ ΩÈ,7B/(Ć)/ΩÈ,7B/(ĆÜ)ϡ

� �ÐÈÈÐÉ §ß�È�ûÐß¿ êÐ ê�ãê §Ðß ��ú°�ê°ÐÉã �Ðê­ °É ê�ßÈã Ð§ ¨�ÐÈ�êßā �É�
¨ßÐûê­ ß�ê�ϗ §[ΩÈ(Þ°, Ć)]ϗ [(,��][ΩÈ(Þ°, Ć)]

§σ͵(Ć)
§σ͵,7B/(Ć)

= Üͭ
[
ͮ+ ÜͮĀ(Ć) +

ͮ
ͯÜͯĀ(Ć)

ͯ], ϯͲϰ

+ê �ÂÂÐûã � û°��ß ß�É¨� Ð§ ��ú°�ê°ÐÉã §ßÐÈ ê­� Λ��@ ã��É�ß°Ðϗ �ã °ê �Ð�ã ÉÐê
�ããïÈ� �Éā Ü�ßê°�ïÂ�ß §ÐßÈ Ðß ß�Â�ê°ÐÉ §Ðß § �É� σ͵
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Modelling the evolution about ΛCDM: ΩÈ(Ć,Þͭ,Þͮ), §σ͵(Ć,Üͭ,Üͮ)

ΩÈ(Ć)
ΩÈ,7B/(Ć)

= Þͭ
[
ͮ+ Þͮā(Ć) +

ͮ
ͯÞͯā(Ć)

ͯ], ϯͱϰ

ā(Ć) + ͮ ≡ ΩÈ,7B/(Ć)/ΩÈ,7B/(ĆÜ)ϡ

� �ÐÈÈÐÉ §ß�È�ûÐß¿ êÐ ê�ãê §Ðß ��ú°�ê°ÐÉã �Ðê­ °É ê�ßÈã Ð§ ¨�ÐÈ�êßā �É�
¨ßÐûê­ ß�ê�ϗ §[ΩÈ(Þ°, Ć)]ϗ [(,��][ΩÈ(Þ°, Ć)]

§σ͵(Ć)
§σ͵,7B/(Ć)

= Üͭ
[
ͮ+ ÜͮĀ(Ć) +

ͮ
ͯÜͯĀ(Ć)

ͯ], ϯͲϰ

+ê �ÂÂÐûã � û°��ß ß�É¨� Ð§ ��ú°�ê°ÐÉã §ßÐÈ ê­� Λ��@ ã��É�ß°Ðϗ �ã °ê �Ð�ã ÉÐê
�ããïÈ� �Éā Ü�ßê°�ïÂ�ß §ÐßÈ Ðß ß�Â�ê°ÐÉ §Ðß § �É� σ͵
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Fitting models to the data

р :°É��ß �ÐÈÜß�ãã°ÐÉ Ð§ � ��ê�Ёã�ê ā = w`xϜ
р ã��ß�­ §Ðß optimal û�°¨­êã→ đã­�ß È�êß°Ā ϯ VZ�ϖ Vï¨¨�ß° �ê �Â ͯͭͮʹϡ
@ï�ÂÂ�ß �ê �Â ͯͭͮʹϡ |­ï �ê �Â ͯͭͮͲϡ ϰ

р ��ß°ú� � ã�ê Ð§ û�°¨­êã §Ðß ���­ Ð§ ê­� Ü�ß�È�ê�ßã Ð§ °Éê�ß�ãê ϯ�Ϝ¨Ϝ Þ°ϗ Ü°ϰ
р �ÜÜÂā û�°¨­êã êÐ ê­� ��ê�ϡ �ÐÈÜïê� û�°¨­ê�� ÈïÂê°ÜÐÂ�ãϖ Sͭ,Þͭ , Sͯ,Þͭ .. . . .
р °É�Âï�� û�°¨­êã °É ê­� ÈÐ��Â→ ϯ`AZ ͮЁÂÐÐÜϰ
р ¼Ð°Éê đê Ð§ �ÂÂ ê­� ÈïÂê°ÜÐÂ�ã ûϜßϜê ê­� �°§§�ß�Éê û�°¨­êãϜ
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eBOSS in a nutshell

р S�ßê Ð§ Z�ZZЁ+p �ÐÂÂ��Ðß�ê°ÐÉ
р ZÜ��êßÐã�ÐÜ°� ãïßú�āϖ σĆ ∼ ͭ.ͭͭͮ
р �Ü��­� SÐ°Éê `�Â�ã�ÐÜ� ͯϜͲÈ
р ͯͭͮͱ Ё ͯͭͮͶ Ð�ã�ßú°É¨ :V#ãϗ �:#ãϗ
Þï�ã�ßãϗ :āα

р ͮͭͭͭ đ�ß�ã Ü�ß ÜÂ�ê� ϯ∼ ʹ��¨ͯϰ

Redshift-space distortion 
analysis from the DR14 eBOSS 
quasar sample in Fourier space

Héctor Gil-Marín (Institute Lagrange de Paris Fellow, LPNHE Sorbonne University)  
Statistical challenges for large-scale structure in the era of LSST 

Oxford, 20th April 2018

Based on HGM et al. 2018, arXiv:1801.02689

�VͮͱU ��ê�Ϝ VZ� Ӄ °ãÐЁ
�G
�É�Âāã�ã �ÐÈÜÂ�ê��Ϝ
@��ãïß�È�Éêã ÐÉ ��ϗ ( �É�
§σ͵ �ê Ć = ͮ.Ͳͯ §Ðß ê­� đßãê
ê°È�Ϝ ϯ�ê� �ê �Â ͯͭͮʹϰϡ
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eBOSS in a nutshell
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DR16 ELG-LRG-QSO From Munich meeting
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eBOSS DR14

`­� Þï�ã�ß ã�ÈÜÂ� ß�Üß�ã�Éêã �É °ÈÜÐßê�Éê ã�ÈÜÂ�Ёê�ãê êÐ °Éú�ãê°¨�ê� ê­�
°ÈÜßÐú�È�Éêã ÜÐãã°�Â� ê­ßÐï¨­ ê­� ÐÜê°È�Â û�°¨­êãϜ �­�ß��ê�ß°Ć�� �ā �
û°�� ß��ã­°§ê ß�É¨�ϗ ϯͭϜ͵ ё ͯϜͯϰϗ �É� ÂÐû�ß ��Éã°êā ͵ͯϜͳϢ��¨ͯϡ

ͮͯ



eBOSS DR14: §σ͵(Ü°, Ć), §σ͵
[
ΩÈ(Þ°, Ć)

]
,�σ͵(Ć)

ĆT = ͮ.Ͳͯ
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eBOSS DR14: §σ͵(Ü°, Ć), §σ͵
[
ΩÈ(Þ°, Ć)

]
,�σ͵(Ć)
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�Vͮͳ љ "e`eV� ZeVp�wZ

р @Ðß� ã°¨É�Â→ �úÐÂïê°ÐÉ êÐ �ß��¿ ��¨�É�ß��ā
р GÜê°È�Â û�°¨­êã ê��­É°Þï�ϗ �ã � ÈÐß� �§đ�°�Éê �É� ���ïß�ê� �Âê�ßÉ�ê°ú�
ûÐïÂ� �É­�É�� ZϢAϗ �ÐÉã°��ß°É¨ �ÂÂ ¨�Â�Āā Ü�°ßãϜ

р q�°¨­ê°É¨ ã�­�È�ϖ ê­� È�ê­Ð� °ã Ē�Ā°�Â� �É� ûÐß¿ã §Ðß Ðê­�ß ã�êã Ð§
Ü�ß�È�ê�ßãϡ

р "ïêïß� ãïßú�āãϖ ͯͭ Ё Ͱͭ È°ÂÂ°ÐÉ Ð�¼��êãϗ ͭ.Ͳ < Ć < Ͱ.Ͳϡ ͮͲЁͮ͵ϗͭͭͭ ��¨ͯϡ
р ß̀��°ê°ÐÉ�Â �É�Âāã°ãϖ �Ϝ¨ §Ðß ��Z+ϗ êÐ �� ß�Ü��ê�� ÐÉ ͰͲ ß��ã­°§ê �°Éãϗ
É�¨Â��ê°É¨ �ßÐãã �Ðßß�Â�ê°ÐÉ ��êû��É �°§§�ß�Éê úÐÂïÈ�ãϜ
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Rossana Ruggeri
Thank you ! 


