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P R E D I C T E D  S I G N AT U R E  O F  S I D M

C A N  W E A K  O R  S T R O N G  L E N S I N G  H E L P ?

P H Y S I C A L  M O D E L  O F  S I D M

W H AT  I S  D A R K  M AT T E R ?



G R AV I TAT I O N A L  L E N S I N G  
P R O B E S  O F  S I D M
D R  D A V I D  H A R V E Y.  E P F L



Clowe+ 2006 
Markevitch+ 2004



B U L L E T  C L U S T E R S  A R E  E V E RY W H E R E  
A N D  C A N  B E  S TA C K E D

Massey+ 2010



�DM/m < 0.02cm2/g

Miralde-Escude 2002



H I G H  R E S O L U T I O N  S I M U L AT I O N S  
R E I G N I T E  S I D M

Vogelsberger+ 2012 
Rocha+ 2013 
Peter+ 2013



W E A K  A N D  S T R O N G  G R AV I TAT I O N A L  L E N S I N G  
S T U D Y  D I F F E R E N T  A S P E C T S  O F  D A R K  M AT T E R



W H AT  A R E  T H E  S I D M  S I G N AT U R E S  
A N D  H O W  C A N  L E N S I N G  H E L P  U S ?

LARGE SCALE SMALL (ISH) SCALE 



T W O  M A I N  L A R G E  S C A L E  M A N I F E S TAT I O N S  O F   
D A R K  P H O T O N  M O D E L  

Boehm+ 2002  
Cyr-Racine+ 2012 

Buckley+ 2014



C M B  L E N S I N G  C A N  C O N S T R A I N  D A O ’ S

Cyr-Racine+ 2013



W H AT  A R E  T H E  S I D M  S I G N AT U R E S  
A N D  H O W  C A N  L E N S I N G  H E L P  U S ?

LARGE SCALE SMALL (ISH) SCALE 



O B S E R V I N G  S I D M  I N  G A L A X Y  C L U S T E R S

R E L A X E D  C L U S T E R S

M E R G I N G  C L U S T E R S



S TAT I S T I C A L  P R O P E R T I E S  O F  R E L A X E D  S I D M  
H A L O E S  A R E  D I F F E R E N T  O F  T H AT  T O  C D M

Vogelsberger+ 12’

More spherical

Less substructure

Creation of a  
core



C L U S T E R  S P H E R I C I T Y  C O N S I S T E N T  
W I T H  1cm2/g

Observations 

1cm2/g 0.1cm2/g CDM

Peter+ 2013



P R O B I N G  S U B S T R U C T U R E  A N D  W O B B L I N G  T H R O U G H  
G A L A X Y- G A L A X Y  S T R O N G  L E N S I N G

Metcalfe & Zhao 2002(see L. Williams talk)



E V I D E N C E  F O R  C O R E S  I N  G A L A X Y  C L U S T E R S

Newman+ 2013

r
core

= 13.8± 1.4kpc



D E G E N E R A C I E S  B E T W E E N  D E N S I T Y  
S L O P E  A N D  M A S S  T O  L I G H T  R AT I O

Newman+  
2013



Kim+ 2016

B R I G H T E S T  C L U S T E R  G A L A X I E S  W O B B L E  I N  
T H E  P R E S E N C E  O F  C O R E D  G A L A X Y  C L U S T E R S



N O  W O B B L I N G  O B S E R V E D  I N  
S TA N D A R D  M O D E L  D A R K  M AT T E R

Harvey+ 2017b



O B S E R VAT I O N S  FAV O U R  N O N - Z E R O  
W O B B L E  AT  3 - S I G M A  S I G N I F I C A N C E

Harvey+ 2017b

r
core

= 13.8± 1.4kpc



D Y N A M I C S  O F  S E L F - I N T E R A C T I N G  D M  
I N  M E R G I N G  C L U S T E R S



D Y N A M I C S  O F  S E L F - I N T E R A C T I N G  D M  
C H A N G E  I N  M E R G I N G  C L U S T E R S

Peak Shift

Trailing dark matter 
and mass loss

collisional 
particles

collisionless 
particles

Distance from centre of mass (kpc)

Kahlhoefer+ 2014 
Kim+ 2016 



T H E  C R O S S - S E C T I O N  S C A L E

Solves 
cosmology’s 
“small scale 

crisis”



C O N S T R A I N T S  A R E  L I M I T E D  
     W I T H  S I N G L E  C L U S T E R  M E R G E R S

Solves 
cosmology’s 
“small scale 

crisis”

Markevitch+ 2004 
Randall+ 2008

Mertens+ 2011
Bradac+ 2008
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Harvey+ 2015



D A R K  M AT T E R  —  G A L A X Y  O F F S E T S  
F R O M  7 2  M E R G I N G  S Y S T E M S

Harvey+ 2015

5.8± 8.2kpc

25± 29kpc
(Bullet Cluster)



I M P R O V I N G  T H E  C O N S T R A I N T S  O N  T H E  
S E L F - I N T E R A C T I O N S  C R O S S - S E C T I O N

Markevitch+ 2004 
Randall+ 2008

Mertens+ 2011
Bradac+ 2008
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S Y S T E M AT I C S  I N  M E A S U R I N G  A N D  
I N T E R P R E T I N G  O F F S E T S

Wittman+ 2017



H O W  S H O U L D  W E  S TA C K  C L U S T E R S  I N  
A  S TAT I S T I C A L  FA S H I O N ?

Should we pick and select clusters?

Or have predefine  
selection criterium

Requirement for  
simulation driven  

constraints



T H E  C U R I O U S  C A S E  O F  A 3 8 2 7

Williams & Saha 2011, MNRAS 

Massey+ 2015, MNRAS
(See R. Massey Talk)



Shu et al 2016

kpc1.1± 0.2

RA

D
EC

S I G N S  O F  PA RT I C L E  D A R K  M AT T E R  I N  
S D S S J 1 0 1 1 ?



I S  T H E R E  A  T E N S I O N  B E T W E E N  C L U S T E R  
M E R G E R  C O N S T R A I N T S ,  S D S S 1 0 0 1  &  D W A R F S ?

- Velocity dependence

- Systematics 

A. Foreground structure 

B. Source-lens degeneracies

- Dynamical friction: 
offsets arise without 

SIDM?



C L O S I N G  I N  O N  T H E  C R O S S - S E C T I O N  
O F  D A R K  M AT T E R

Markevitch+ 2004 
Randall+ 2008

Mertens+ 2011
Bradac+ 2008
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Harvey+ 2015



W H AT  A R E  T H E  O B S E R VAT I O N A L  M A N I F E S TAT I O N S  O F   
S E L F - I N T E R A C T I N G  D A R K  M AT T E R  

 I N  C O L L I D I N G  C L U S T E R S ?

Peak Shift

Trailing dark matter 
and mass loss

collisional 
particles

collisionless 
particles

Distance from centre of mass (kpc)



E X T R A C T I N G  T H E  T R A I L I N G  D A R K  
M AT T E R



E X T R A C T I N G  T H E  T R A I L I N G  D A R K  
M AT T E R



D ATA  E X C E S S  A L O N G  A X I S  O F  
C O L L I S I O N

Radial Distance / (DM - Gas Distance)
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Harvey+ 2017a



D ATA  E X C E S S  A L O N G  A X I S  O F  
C O L L I S I O N  E X P L A I N E D  B Y  E R R O R  M O D E L
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F I T T I N G  A  S K E W E D  M A S S  P R O F I L E

Taylor+ 2017



F I R S T  A P P L I C AT I O N  T O  D ATA

Taylor+ 2017(See R. Massey Talk )



W H AT  A R E  T H E  O B S E R VAT I O N A L  M A N I F E S TAT I O N S  O F   
S E L F - I N T E R A C T I N G  D A R K  M AT T E R  

 I N  C O L L I D I N G  C L U S T E R S ?

Peak Shift

Trailing dark matter 
and mass loss

collisional 
particles

collisionless 
particles

Distance from centre of mass (kpc)



C L O S I N G  I N  O N  T H E  C R O S S - S E C T I O N  
O F  D A R K  M AT T E R

Markevitch+ 2004 
Randall+ 2008

Mertens+ 2011
Bradac+ 2008
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T H E  F U T U R E  I S  D ATA  R I C H



(See D.Wittman Talk)



G L  P R O B E S  O F  S I D M

Relaxed Clusters

Cores Sphericity

Merging Clusters

Light / Mass 
Offsets

Skewed Mass 
Profiles

Mass Loss

Large Scale Structure

DAO’s Mass Function

Substructure



P R E D I C T E D  S I G N AT U R E  O F  S I D M

C A N  W E A K  O R  S T R O N G  L E N S I N G  H E L P ?

P H Y S I C A L  M O D E L  O F  S I D M

W H AT  I S  D A R K  M AT T E R ?


