Astroparaticle Physics Science Working Group Key Project Proposal
The Astroparticle SWG proposes “Dark Matter” be called a “Key Project”. We propose VERITAS publicly state it has a “dedicated Dark Matter Program” and that this program contain a snapshot of 3-4 targets at the level of ~20 hours each.  This level will allow us to achieve roughly a 1% Crab level of sensitivity.   The targets we propose are M87, M15,M33 and possibility M31.
In the remainder of this proposal, we hope to convince you to vote YES for  “Dark Matter” to be called a “Key Project” and YES that the dark matter program be allocated observing time for 3-4 targets at 20 hours each.   What follows next is the justification for the program we propose and a brief paragraph summarizing each of these justifications.

1.  This science addresses fundamental questions about the nature of our universe.


2.  This science overlaps with targets and science goals of the Extragalactic Non-Blazar SWG.

3.  This science is exciting and has the possibility of answering one of the top science questions as listed in numerous funding agency roadmaps.

4.  This science has high visibility within both the astrophysical and particle physics community.

5.  This science has a captive audience (at the moment) eagerly awaiting our results. 
   
6.  The science has funding opportunities (which will allow us to do all the other cool stuff we want to do.)

Scientists do not know what makes up 95% of the universe, the now famous dark part and until recently, “The Standard Model” of particle physics was thought to explain our observable universe from the cosmos to the microscopic.  Recent astrophysical and cosmological observations such as the understanding of star formation, galactic structure and spectacular events such as supernovae have revealed the universe is made up of three parts, ~70% dark energy, ~25% dark matter and ~5% ordinary matter.  The detection of dark matter through any other interaction (other than gravity) has remained elusive and it is still undetected in laboratory experiments.  One of the most popular theoretical candidates for dark matter is weakly interacting massive particles (WIMPs), which existed in thermal equilibrium with regular mass particles during the early universe.  As the universe expanded and cooled, the WIMPs decoupled and so remain today, behaving like a collisionless fluid.   In particle physics, a massive particle giving rise to the characteristics required of Dark matter can be accommodated in theories of supersymmetry and in theories of universal extra dimensions.   Both of these theories predict the dark matter particle to self annihilate producing photons with cross sections that are proportional to the density^2 of the dark matter distribution.   The range of probable masses is from 60GeV -600GeV, but these theories allow masses up to 10’s of TeV.  Laboratory experiments like the future LHC, can probe masses up to ~350GeV.

GLAST should be able to search for dark matter signals up to about 300GeV.   IACTs should be able to probe masses into the TeV region.  If  the Dark Matter mass is less than 300 GeV, the LHC should detect this and GLAST could detect the continuum.   VERITAS (or other  IACTs) could constrain the line/continuum ratio.  If the mass is greater than 350GeV,  LHC will not be able to observe Dark Matter and IACTs will become better than GLAST for detecting the continuum and constraining the line/continnum ratio.   To solve the dark matter problem, we must detect dark matter particles in the galaxy and also detect them in controlled environments as particle accelerators and then show that these two are the same.    It is becoming clear that we will need to combine data from astrophysics and accelerators to understand the dark matter problem.  It may very well be that gamma-ray astronomy experiments will provide the first non-gravitational signatures of dark matter.

Several of the dark matter targets we propose have science programs proposed by other groups.   These targets will therefore provide the opportunity for multiple thesis topics.   M87 is the nearest giant radio galaxy at a distance of `16Mpc (z=.00436) in the Virgo cluster. It is theoretically predicted to be a gamma-ray emitter based on several theoretical models and as such the Extragalactic non-blazar SWG have proposed this target as the most unambiguous radio galaxie target for VERITAS.  For the Dark Matter program,  M87 contains an extremely massive black hole and dark matter simulations have shown mergers between 2 black holes of similar mass will disrupt a dark matter spike which could increase the dark matter density distribution.   

Addressing the science question of “What is Dark Matter?” is not only interesting from a science perspective either.   This question is touted as being one of the top science questions of our time in numerous road maps and reports sponsored by both DOE and NSF.   Last week, DOE and NSH announced a new “Dark Matter Task Force” to help the funding agencies for setting priorities.   Also last month, P5 (a different committee prioritizing science topics for DOE and NSF) heard presentations on the next generation of dark matter experiments.  In both of these cases, the contributions from indirect searches for dark matter were missing.    We need to change this!    We want these panels to know that astrophysical observations of dark matter include indirect detections in the galaxies with gamma-ray telescopes. 
In the last couple of years, Dark Matter particles have been proposed to explain HESS data from the galactic center,  EGRET galactic plane gamma ray spectrum, and  EGRET extragalactic gamma ray spectrum to name a few.   There has been a volume of theoretical work on N-body simulations, understanding complementarily between direc,-collider and indirect searches.   HESS, MAGIC and GLAST all have dark matter programs which we can couple to.  
We propose that having an active VERITAS Dark Matter program will put us on agency roadmaps.  There is much effort at understanding astrophysical dark matter opportunities and these efforts do not include indirect measurements.   We need to change this. We want these benefits for our future opportunities. We want to use our ability to possibility observe dark matter indirectly as a way to secure some of this targeted funding for both VERITAS upgrades and beyond.

