
Peculiar Velocities With Type Ia Supernovae: Abundant 
Discoveries to a Low-z Hubble Diagram

from Mandelbaum et al. 2019

also Blazek et al. Astro 2020 White Paper


previous slide

Vera C. Rubin Observatory LSST (and 
other searches) a source for discovery of 
SNe over 10 years: ~ 50k (unclassified) 

SNe Ia at z<0.15 …

… we can put these discoveries on a 
Hubble Diagram with supplemental 

classification, redshift, and brightness…

… to measure peculiar velocities that 
appear as residuals away from the 

smooth Hubble Law

Signal strongest at low-z



Peculiar Velocities With Type Ia Supernovae: Growth of 
Structure to Probe of Gravity

Spatial distribution of PV from these SNe come 
an unrivaled measurement of the growth of 

structure (fσ8) at low redshifts … 10-year LSST

5σ

4σ

Red LSST SN projections from Howlett et al. (2017)

High redshift measurements 
from Redshift Space 

Distortions

… depending on the fraction of discoveries 
placed on the Hubble diagram, maximum redshift, 

and per SN distance precision …

… viable models of gravity can be distinguished 
by up to 5σ …
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… to be continued in Session 144…
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Ɣ 2YHUDOO�VFLHQFH�JRDO��(QDEOH�WKH�VWXG\�RI�'DUN�(QHUJ\��*UDYLW\��DQG�RWKHU�+(3�VFLHQFH�XVLQJ�WUDQVLHQWV�
GLVFRYHUHG�E\�5XELQ�DQG�RWKHU�SXEOLF�VHDUFKHV��WKURXJK�VXSSOHPHQWDO�RSWLFDO�1,5�VSHFWUDO�LPDJLQJ�IROORZ�XS

Ɣ &ROODERUDWLRQ�PRGHO��&RPSOLFDWHG���8VH�6QRZPDVV�WR�ILJXUH�WKLV�RXW�
ż '(6&�KDV�LQWHOOHFWXDO�LQYHVWPHQW�DQG�VFLHQWLILF�VWDNH�LQ�WUDQVLHQW�DQG�QRQ�WUDQVLHQW�VSHFWURVFRS\

ż 5XELQ�2EVHUYDWRU\�VROLFLWLQJ�,QWHUQDWLRQDO�,Q�.LQG�&RQWULEXWLRQV��VHYHUDO�UHVSRQVHV�WR�ZKLFK�LQFOXGH�

WUDQVLHQW�IROORZ�XS�WKDW�FRXOG�EH�SDUW�RI�WKH�1HWZRUN

ż 3ULYDWH�IDFLOLWLHV�ZLOO�EH�XVHG�IRU�IROORZ�XS

ż 3ULYDWH�GDWD�VXSSOHPHQW�SXEOLF�WUDQVLHQW�VHDUFKHV��H�J���=7)�,,�LQ�WKH�QRUWK

ż 2WKHU�/667�6FLHQFH�&ROODERUDWLRQV�ZDQW�VLPLODU�QHWZRUN�HOHPHQWV�WKRXJK�GULYHQ�E\�GLIIHUHQW�VFLHQFH�

JRDOV�DQG�UHTXLUHPHQWV

Ɣ 7LPHVFDOH�
ż 1RZ�DQG�ODWHU�������VLJPD�39�UHVXOWV�SRVVLEOH�FXUUHQW�DQG�VRRQ�WR�EH�RQOLQH�IDFLOLWLHV�LI�PDGH�DYDLODEOH����

3UHFLVLRQ�����VLJPD�39�VFLHQFH�ZRXOG�UHTXLUH�UH�LQVWUXPHQWDWLRQ�RI�ODUJHU�WHOHVFRSHV�

ż 'RXEW�WUDQVLHQW�VHDUFKHV�ZLOO�VWRS�DIWHU����\HDUV�RI�5XELQ
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Ɣ 6FDOH�RI�LQYHVWPHQW�IRU�86�DJHQFLHV��LQWHUQDWLRQDO�SDUWQHUVKLSV��RWKHU�LQYHVWPHQWV��7LHUHG�E\�VFLHQFH�
FDVH

ż 3HFXOLDU�YHORFLW\���ORZ�UHGVKLIW��RQH���P������HLJKW���P�IDFLOLWLHV

ż ([SDQVLRQ�KLVWRU\���KLJK�UHGVKLIW��RQH���P�WHOHVFRSH����RQH����P�IDFLOLWLHV

ż 5HIXUELVK�ROGHU�LQVWUXPHQWV��FRPPLWPHQW�RI�WHOHVFRSH�UHVRXUFHV��LQVWUXPHQW�5	'

ż /HYHUDJH�SODQQHG�H[LVWLQJ�UHVRXUFHV��ROGHU�WHOHVFRSHV�VHHNLQJ�ZRUN����0267��'(6,��61,)6

ż ,PSRUWDQFH�RI�VFLHQFH�DQG�ULVN�PLWLJDWLRQ�VKRXOG�KDYH�XV�PRYH�DZD\�IURP�FXUUHQW�PRGHO�RI�UHJXODUO\�

DSSO\LQJ�IRU�WHOHVFRSH�WLPH

Ɣ 'HVLUHG�VXSSRUW�IURP�WKH�'2(�ODERUDWRU\�V\VWHP��&ROODERUDWLRQ�EXLOGLQJ��LQWHUDJHQF\�OLDLVRQ��028V�ZLWK�
SDUWQHU�LQVWLWXWLRQV��LQVWUXPHQW�5	'��GHWHFWRUV��UHPRWH�DXWRPDWHG�REVHUYLQJ��GDWD�PDQDJHPHQW

Ɣ 5	'�SODQ��,)8�VSHFWURVFRS\��*HUPDQLXP�&&'V

,QWHUVHFWLRQ�ZLWK������6PDOO�3URMHFWV�WR�(QKDQFH�6WDJH�,9�SKRWRPHWULF�VXUYH\V


