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SMALL-SCALE STRUCTURE OF DARK MATTER

Large scale structure is very 
well constrained

What do halos look like on 
small scales?



KUHLEN

DARK MATTER POWER SPECTRUM 



WHAT DO DARK MATTER HALOS LOOK LIKE?

LOVELL

Cold Dark Matter 2 keV Warm Dark Matter



STRONG GRAVITATIONAL LENSING



(SEE ANNA NIERENBERG’S TALK)

PROBING SUBHALOS WITH  
DIFFERENT CLASSES OF LENSES



VIEIRA ET AL. NATURE 2013

STRONG LENSES IN MM-WAVE

HEZAVEH ET AL. APJ. 2013



WARDLOW ET AL. APJ 2013 BUSSMANN ET AL. APJ 2013

(SEE JULIE WARDLOW’S TALK!)

STRONG LENSES IN MM-WAVE



ALMA OBSERVATIONS OF SPT-DISCOVERED SOURCES

VIEIRA ET AL. NATURE 2013 HEZAVEH ET AL. APJ. 2013

BLUE: HST (OPTICAL), RED: ALMA
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STRONG LENSES WITH ALMA IN EXTENDED CONFIG.



STRONG LENSES WITH ALMA IN EXTENDED CONFIG.

THE FUTURE IS HERE



A WEALTH OF MOLECULAR LINES 

SPILKER



A WEALTH OF MOLECULAR LINES 

LOW EXCITATION GAS HIGH EXCITATION GAS



EFFECT OF SOURCE SIZE: 
LARGER SOURCE = LOWER SENSITIVITY



SMGS ARE EXTENDED  
HOW CAN WE IMPROVE SENSITIVITY?



SMGS ARE EXTENDED  
HOW CAN WE IMPROVE SENSITIVITY?



C

VELOCITY STRUCTURE

ENGEL

WE NEED A SMALL SOURCE, OR  
A SOURCE WITH SMALL FEATURES...



SENSITIVITY ANALYSIS OF 
DETECTING DM SUBHALOS
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HEZAVEH



SIMULATIONS INDICATE THAT WITH ALMA,  
WE CAN DETECT DM SUBHALOS IN THESE SYSTEMS
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ALMA CYCLE II PLAN 
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WHAT ABOUT THE THOUSANDS OF LOWER MASS ONES? 
CAN WE DETECT THEM AS A WHOLE?

5 6 7 8 9 10100

101

102

103

104

105

M [M⊙ ]

N
(>

M
)

WE CAN DETECT AND MODEL MASSIVE SUBHALOS









RESIDUALS FROM MODELING WITH A SMOOTH LENS:



smooth densi ty fie ld l ensed by a fie ld
wi th l ow-k power

l ensed by a fie l d
wi th high-k power

RESIDUALS FROM MODELING WITH A SMOOTH LENS:
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DENSITY POWER SPECTRUM



DM SUBHALO DENSITY POWER SPECTRUM
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DM SUBHALO DENSITY POWER SPECTRUM
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DM SUBHALO DENSITY POWER SPECTRUM
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DM SUBHALO DENSITY POWER SPECTRUM
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DM SUBHALO DENSITY POWER SPECTRUM
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M < 5 × 106M⊙

M < 5 × 107M⊙
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∆α = 0.5

POWER SPECTRUM  OF SUBHALO DENSITY FIELD

HEZAVEH



GENERATE A RANDOM SUBHALO 
DENSITY FIELD WITH A FLAT 

POWER SPECTRUM

GENERATE MOCK OBSERVATIONS 
USING A MACRO HALO AND THE 

SUBHALO DENSITY FIELD

FIT THE MOCK DATA WITH A 
LENS MODEL WHICH ONLY HAS 

SMOOTH PARAMETERS  

HEZAVEH
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point masses

NFW Rs = Rtid a l/8

NFW Rs = Rtid a l/4

NFW Rs = Rtid a l/2

ESTIMATE THE 
LIKELIHOOD OF 

DIFFERENT 
COVARIANCE 

MATRICES USING  
THE RESIDUALS

ANALYSIS OF MOCK OBSERVATIONS
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FORECAST FOR MEASURING THE  
DM SUBHALO POWER SPECTRUM

HEZAVEH

BLACK: ~10 HR INTEGRATION 
RED: ~40 HR INTEGRATION



HOW MUCH DOES NON-GAUSSIANITY BIAS US?

HEZAVEH
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-CHARACTERIZING THE SMALL-SCALE STRUCTURE OF HALOS IS CRUCIAL 
AND CAN REVEAL IMPORTANT CLUES ABOUT THE NATURE OF DARK MATTER 

-ALMA AND MM-WAVE LENSES GIVE US A UNIQUE OPPORTUNITY FOR 
ADVANCEMENT 

-NEW TECHNIQUES, INCLUDING POWER SPECTRUM ANALYSIS, ALLOW US TO 
PROBE A WIDE RANGE OF SUBHALO MASSES AND PROPERTIES

TAKE-AWAY MESSAGE


