
 SSI-2017 Projects  
  

  1)  DES, LSST and other experiments will probe the nature of dark energy (DE) and, 

specifically, determine if it is ‘just’ the Cosmological Constant (CC). What are the 

specific measurements that need to be made and how precisely do such experiments 

need to be before YOU will be convinced that DE is just the CC (if it is) ?  

 

 2)  The alternatives to DE as the CC are rather meager. If future measurement 

demonstrate that DE is NOT the CC (for example, by demonstrating its time 

dependence), how do we go about determining what this new ‘field’ (if it may be 

described as such) may be? Can the LHC contribute to this effort?  

 

 3)  During the passage of the moon across the face of the sun during a total eclipse, the 

flavor content of the neutrino flux coming from the solar core to detectors on Earth 

can be modified by the neutrino’s interaction with the matter making up the moon. 

Assuming a (very) large, perfectly efficient and background-free detector, determine 

how the neutrino flavor content would change during an eclipse as a function of time 

from the beginning to the end of the event. 

 

  4)  If the anti-proton excess observed by AMS-02 is a real signal for the annihilation of 

~70 GeV dark matter into, e.g., b-quarks, what follow-up experiments can be 

performed to verify its existence and how will they determine the DM’s properties? 

  

  5)  If a signal for axions is observed in the future by, e.g., ADMX with a well determined 

magnitude, how can it be determined whether or not this axion makes up all of the 

dark  matter? What possible follow-up measurements would be required and what 

should they find?  

 

  6)  Future high intensity fixed target experiments may reveal the existence of a dark 

photon which can mediate the interaction between hidden sector dark matter and the 

Standard Model. What direct and indirect detection experiments would be necessary 

to verify this interpretation?   What, if anything, could LHC measurements contribute 

in such circumstances? 

          

 7)  A Standard Model weak iso-singlet ‘right-handed neutrino’ can be a potential dark 

matter candidate. Construct a simple model that would allow for this possibility while 

still satisfying all the constraints from present direct and indirect DM searches as well 

as those arising from the LHC.  

 

 8)  LIGO has recently observed gravitational radiation from ~20 solar mass black hole 

mergers at a distance of over ~10
9
 light years. Circulating proton beams in an 

accelerator can also produce gravitational radiation at higher frequency. To be 

specific, consider a 100 TeV pp collider with a luminosity of 5x10
35

 cm
2
 s

-1
 (and with 

the other parameters as for the FCC-hh). Assuming they are coherently produced, 

determine if a gravitational wave detector with 10x the LIGO sensitivity in the 



relevant frequency range could detect this radiation at a distance of 10
3
 km; make any 

suitably justifiable approximations. 

 

 9)  Design a MACHO search experiment sensitive to ~20 solar mass black holes similar 

to those observed by LIGO. 

  

10)  Examine one or more “interesting” scenarios (i.e. non-trivial) for combining DUNE, 

CMB S4, KATRIN, and future neutrino-less double beta decay experiment results 

from the perspective of understanding (and precisely measuring) the neutrino masses. 

 

11)  Provide a rough design a new dark matter experiment that will significantly improve 

on the sensitivity offered by the G2 experiments in some region of the parameter 

space. 

 

12)  Experimental corollary to project #7: Design an experiment to detect the SM weak 

iso-singlet “right-handed-neutrino” dark matter. 

 

13)  How can one definitively prove (or disprove) alternative (non-particle) dark matter 

theories in the absence of direct or indirect detection of particle dark matter? 

 

14)  Experiments like LSST will study dark energy using multiple techniques, each with 

it’s own strengths and weaknesses. Some of these techniques share common aspects 

of the data and/or modeling while others are largely independent. Which 

combinations of techniques will ensure that the LSST results are as precise and 

robust as possible? What type of external data would be particularly beneficial to 

include? 

 

15)  X-ray observations and millimeter wavelength measurements of the cosmic 

microwave background offer powerful ways to study galaxy clusters that are 

complementary to optical measurements with LSST. What are the strengths and 

weaknesses of these three techniques? How are they complementary? How should 

we combine them to obtain the best dark energy constraints possible  from galaxy 

clusters in the 2020s? 

 

16)  The Large Synoptic Survey Telescope (LSST) is an 8.4-meter optical wide-field 

survey telescope that will image the entire available sky from Chile every few nights, 

starting in 2022 and continuing for 10 years. It was the top-ranked large ground-

based project proposal considered by the 2010 Astrophysics Decadal Survey. What 

ground based survey project do you propose should be carried out after LSST? 

Consider telescope size, location, observing wavelength, instrumentation and 

anticipated cost alongside the expected science payoffs. 

 

17)  The recent observations of gravitational wave signals by LIGO revived interest in 

massive primordial black holes >10 solar mass as a possible dominant source of dark 

matter. If the current rate of LIGO observations persists, what new experiments and 

new observations could support or reject such scenario?  


