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¨  Lots of attention devoted to dark matter 
¨  Both theory and detection 
¨  Sometimes signals are unexpected 

¡  They might be wrong 
¡  They might lead to interesting  unexplored options 

¨  We don’t know what dark matter is 
¡  Should keep an open mind 
¡  Especially in light of abundance of astronomical data 

¨  Today talk about an almost-explored option 
¨  Interacting dark matter 
¨  But rather than assume all dark matter 
¨  Assume it’s only a fraction (maybe like baryons?) 



¨  Almost all constraints on interacting dark 
matter assume it is the dominant component 

¨  If it’s only a fraction, most bounds far weaker 
¡  Structure 
¡  Galaxy or cluster interactions 

¨  But if a fraction, you’d expect even smaller 
signals! 

¨  However, not necessarily true… 



¨  A component of self-interacting dark matter can 
collapse into a disk 
¡  Like ordinary matter 

¨  Maybe even denser than ordinary matter 
¨  Indirect signals: boost factor 
¨  Direct signals: low threshold 

¡  In fact too low for most detection 
¡  w/McCullough ExoDDDM-explain CDMS 

ú  Consistently with Xenon 

¨  Affects structure, dynamics 
¡  Fun stuff w/Reece if time 
 



¨  An enormous boost factor is needed to account for 
any indirect signal so far 
¡  Eg Of order 1000 for reasonable parameters for Fermi 

signal 
¨  Too high to assume clumping 
¨  But what if dark matter actually had structure? 

¡  Like baryons for example! 
¨  Consider interacting dark matter 

¡  Dissipative dark matter in particular 
¨  Idea is to have more collapsed component of dark 

matter 
¨  Even if only a fraction of dark matter, will be most 

important for signals 



 
¨  Consider possibility that due to interactions, 

dark matter (like baryons) collapses into a disk 
¨  Involves 

¡  Dark force (we take U(1)D  or nonabelian group) 
¡  Additional light particle in dark sector 

ú  Necessary for cooling in time as we will see   

¨  Even if new component a fraction of dark 
matter, if it collapsed to baryonic disk (eg) 
enhancement factors ~1000 



¨  Before proceeding, let’s examine some of the 
constraints on dark matter interactions 

¨  Interacting dark matter (when all of it) has very 
restricted interactions 
¡  In fact tough to make it thermal relic abundance 

¨  However, most constrain dark matter only 
when it is the dominant component  

¨  Structure is not observed in enough detail to 
constrain a small component 

 



¨  Hard and soft scattering: Ackerman et al 
¨  Scattering of dominant component would 

¡  Reduce phase space of dark matter 
¡  Destroy nonspherical cores that have been observed 



¨  Bullet Cluster and Ellipticity: Feng, Kaplinghat, 
Tu, Wu 





¨  About 4x stronger bound taking into account 
more recent data on baryon content of galaxy 



¨  Need to follow thermal history 
¨  Entropy conserved separately in both sectors 

after they decouple 

Interesting prediction for new degrees of freedom during BBN 
Also measurable in CMB 



Won’t violate Oort Limi t with big enough alpha—reasonable values 
Thermal abundance of C will however be too small 
 



¨  If dark matter interacts, either 
¡  Tuned small wedge of parameter space 
¡  Or it’s not all the dark matter!—at most about 

baryonic energy density 
¨  Why would we care about a subdominant 

component? 
¡  Can be relevant for signals if it is denser 

ú  Perhaps even collapses into a disk 
¡  Can be relevant for structure (to be done…) 

¨  However, to form a disk, cooling required 
¨  Check when enough cooling can occur 



¨  Three cooling processes can be relevant 
¡  Bremsstrahlung 
¡  Compton scattering off dark photons 
¡  Recombination cooling (only relevant when an additional 

light species, which we will need) 

¡  Heating processes (since that’s when cooling stops!) 
ú  For normal matter, photoionization 
ú  Gravitational heating (small) 
ú  Compton heating can be relevant for us 
ú  At very least will be recombination, which stops 

brehmstrahllung and Compton 
ú  We make assumption that  cooling stops when recombination 

can occur 



Need a light species! Need it to be nonthermal 



Note it is light species that heats or cools—but 
equilibration time with heavy matter is short 

Compton scattering rate 









¨  Presumably when dense enough no longer 
ionized 

¨  Cooling very suppressed at that point 
¨    (?) 





¨   And therefore density of new component 



¨  In reality, gravitational heating can occur 
¨  Reasonable to assume disk height between 
¨  mP/mX---1 times baryonic disk height 
¨  Can be very narrow disk 
¨  For 100 GeV particle, can get boost factor of 

10,000! 



¨  Alignment time: 
¨  R~10 kpc 
¨  M~10^12 M_sun 
  





¨  For photon signal want a heavy component 
¨  For disk to form, require light component  

¡  Can’t be thermal (density would be too low) 
¡  Constraint on density vs mass 

¨  Aside: anthropic bound on electron mass! 
¡  Very robust 

¨  But with these conditions, we expect a dark 
disk 
¡  Might even be narrower than gaseous disk 

¨  Expect interesting signals 



¨  Photons from plane of galaxy! 
¨  Not only center but unassociated sources 

throughout plane would be expected 
¨  Seems rather specific to this type of model 

¡  Component of dark matter sitting in small disk in 
plane of galaxy 

¨  Furthermore will affect structure formatoin 
¡  Work not yet in progress…. 









¨  Key observation: low threshold events indicate small kinetic 
energy 

¨  Two possible reasons 
¡  Small mass 
¡  Small velocity  

¨  In fact velocity so small in DDDM that ordinarily you evade 
detection completely 

¨  Good: low threshold 
¡  Why? Mass could be big but 
¡  velocity is small 

¨  Bad: too small 
¡  Usually recoil below threshold 

ú  Furthermore, co-rotating with sun,  
ú  Peculiar velocity, Earth motion too small 

¡  Furthermore heavy dark matter (assumed) hard to reconcile CDMS and 
Xenon 

¨  Solution to both issues (if expt real): ExoDDDM 



¨  Recoil could be due to a mass splitting δ 
¨  ExoDM  (Graham, Harnik, Rajendran, Saraswat) 

¨  Like IDM but reverse—long-lived excited state 
¨  Downscatters inelastically off nuclei 
¨  Recoil energy reflects mass difference (as 

well as kinematics) 

¨  We will see nuclear mass dependence works 
to favor consistent CDMS, Xe interpretation 

 



•   
•   

¨   CDMS (silicon) A=28, Xenon A=131 
¨  Clearly light dark matter preferred if CDMS 

sees something and Xenon doesn’t 
¨  Exothermic even better, with greater reduction 

in threshold v for light nuclei 



¨  Much smaller velocity dispersion 
¨  Very distinguishable 
¨  Virtually no Gaussian tail giving rise to Xenon 

etc events 







¨  Lower threshold 
¡  Any events essentially indicates this model wrong 
¡  Ordinary DM increases dramatically as you lower 

threshold 
¡  ExoDM increases somewhat 

¨  Phase dependence 
¡  Measure time dependence 
¡  Smaller for ExoDM  in general 
¡  Different phase since no longer tail of Gaussian 



¨  Structure: predict 
¨  Structure: determine constraints via vastly 

improved measurements of velocities 
¨  Black holes 
¨  Reanalyze Planck (non free-streaming DOF) 
¨  Predict solar system motion 

 





¨  New species (Planck can detect) 
¨  Possibly small scale structure 

¡  Atomic physicbs 
¨  Numerical simulations (structure, alignment) 
¨  Velocity distributions, lensing (look for structure) 
¨  Large scale structure 

¡  Acoustic Oscillations 
¡   galaxy-galaxy correlation funcionts 

¨  Indirect detection 
¨  Direct detection (at very low threshold) 
¨  Aside: anthropic limits 
 



¨  GAIA mission of ESA 



¨  Gaia is a space observatory to be launched by the European Space Agency (ESA) in 
October 2013.[1] The mission aims to compile a 3D space catalogue of approximately 1 
billion stars, or roughly 1% of stars in the Milky Way.[4][5][6] Successor to the Hipparcos 
mission, it is part of ESA's Horizon 2000 Plus long-term scientific program. Gaia will 
monitor each of its target stars about 70 times to a magnitude 20 over a period of 5 
years. Its objectives comprise: 

¨  determining the positions, distances, and annual proper motions of 1 billion stars 
with an accuracy of about 20 µas (microarcsecond) at 15 mag, and 200 µas at 20 mag 

¨  detection of tens of thousands of extra-solar planetary systems[7] 
¨  capacity to discover Apohele asteroids with orbits that lie between bEarth and the 

Sun, a region that is difficult for Earth-based telescopes to monitor since this region is 
only in the sky during or near the daytime[8] 

¨  detection of up to 500,000 distant quasars 
¨  more accurate tests of Albert Einstein’s general relativity theory 
¨  Gaia will create an extremely precise three-dimensional map of stars throughout our 

Milky Way galaxy and beyond, and map their motions which encode the origin and 
subsequent evolution of the Milky Way. The spectrophotometric measurements will 
provide the detailed physical properties of each star observed, characterising their 
luminosity, effective temperature, gravity and elemental composition. This massive 
stellar census will provide the basic observational data to tackle a wide range of 
important problems related to the origin, structure, and evolutionary history of our 
Galaxy. Large numbers of quasars, galaxies, extrasolar planets and Solar System 
bodies will be measured at the same time. 



¨  Objectives 
¨  The Gaia space mission has the following objectives: 
¨  To determine the intrinsic luminosity of a star requires knowledge of its distance. One of the few 

ways to achieve this without physical assumptions is through the star's parallax. Ground-based 
observations would not measure such parallaxes with sufficient precision due to the effects of the 
atmosphere and instrumental biases. 

¨  Observations of the faintest objects will provide a more complete view of the stellar luminosity 
function. All objects up to a certain magnitude must be measured in order to have unbiased 
samples. 

¨  A large number of objects are needed to examine the more rapid stages of stellar evolution. 
Observing a large number of objects in the galaxy is also important in order to understand the 
dynamics of our galaxy. Note that a billion stars represents less than 1% of the content of our Milky 
Way galaxy. 

¨  Measuring the astrometric and kinematic properties of a star is necessary in order to understand the 
various stellar populations, especially the most distant. 

¨  Gaia is expected to: 
¨  Measure the astrometric properties of over a billion stars down to an apparent magnitude (V) of V = 

20 
¨  Determine the positions of stars at a magnitude of V=10 down to a precision of 7 millionths of an 

arcsecond (μas) (this is equivalent to measuring the diameter of a hair from 1000 km away); 
between 12 and 25 μas down to V = 15, and between 100 and 300 μas to V = 20, depending on the 
color of the star 

¨  Determine the distances to the nearest stars within 0.001%, and to stars near the galactic center, 
30,000 light years away, within 20% 

¨  Measure the tangential speed of 40 million stars to a precision of better than 0.5 km/s 
¨  Measure the orbits and inclinations of a thousand extrasolar planets accurately, determining their 

true masses using astrometric planet detection methods [11] 
¨  Among other results relevant to fundamental physics, Gaia will detect the bending of starlight by 

the Sun’s gravitational field, as predicted by Albert Einstein’s General Theory of Relativity, and 
therefore directly observe the structure of space-time.[7] 



¨  Whether or not 130 GeV signal survives, 
¨  Very interesting new possibility for dark matter 

¡  That one might expect to see signals from 

¨  Since in some sense only minor modification (just a 
fraction of dark matter) 

¨  hard to know whether or not it’s likely 
¨  But  presumably would affect structure 

¡  Just like baryons do  
¡  Research area 

¨  Rich arena: lots of questions to answer 





Neal Weiner’s talk 



¨  Finkbeiner, Sug 



¨  Suppose you want to explain Fermi signal with 
dark matter 

¨  If you also assume relic thermal abundance 
want annihilation into something to be about 
an order of magnitude bigger 

¨  However can’t annihilate into charged particles 
since the signal would already rule it out 

¨  One option is to annihilate to photons through 
a loop of charged particle that is kinematically 
inaccessible 



¨  Rate to photons generically won’t be big 
enough 

¨  Need charged intermediate state to be heavier 
than dark matter 

¨  But actually a very narrow splitting or else rate 
too low 

¨  And even then you need some new interactions 
uncomfortably large 








