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Dark Matter

DARK MATTER AS A PARTICLE

Dark Energy

¢ COSMOLOGICAL OBSERVATIONS SUGGEST THAT OUR UNIVERSE IS COMPOSED OF ROUGHLY
27% DARK MATTER (DM)

o THESE OBSERVATIONS ARE OF THE GRAVITATIONAL EFFECTS OF DM

« DM IS NON-STANDARD MODEL MATTER WHICH INTERACTS VERY WEAKLY, IF AT ALL, WITH
STANDARD MODEL PARTICLES

e MANY EXTENSIONS TO THE STANDARD MODEL PREDICT DM CANDIDATES CALLED WEAKLY
INTERACTING MASSIVE PARTICLES (WIMPS)

e |IFDM IS COMPOSED OF WIMPS, WE SHOULD BE ABLE TO SEE IT SCATTER OFF OF NUCLEI

Planck Collaboration 2013 Results. http://planck.cf.ac.uk/results/cosmic-microwave-background
J. L. Feng, Annu. Rev. Astrophys. 48, 495 (2010).



DIRECT DETECTION EXPERIMENTS
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Fromm CDMS Collaboration

DARK MATTER SEARCHES

e

WIMPs and Neutrons
scatter from the
Atomic Nucléls

e SUPERCDMS (NOw AT SNOLAB) — USES GE

. DEAP (SNOLAB) — USES AR : o
- 4 'f = ‘rd"‘f
« DAMA/LIBRA (GRAN SASSO, ITALY) — USES NAI ol L .‘

Photons and Electrons
scatter from the
Atomic Electrons

. PICO (SNOLAB) — Uses CCL,F \g
« XENON (GRAN SASSO, ITALY) — USES XE

o LUX - USES XE
(SANFORD UNDERGROUND LAB, NORTH DAKOTA)

CDMS Collaboration. http://cdms.berkeley.edu/Education/DMpages/science/directDetection.shtml



DESCRIBING DARK MAITTER SCATTERING

 FOR WIMPS PREDICTED BY SUPERSYMMETRY, THE MOST IMPORTANT CONTRIBUTION TO
SCATTERING COMES FROM AXIAL AND SCALAR CURRENTS

e THE AXIAL OR “SPIN-DEPENDENT" SCATTERING IS MUCH MORE SENSITIVE TO NUCLEAR
STRUCTURE

e THE AXIAL STRUCTURE WAS GIVEN THE FOLLOWING DECOMPOSITION BY ENGEL, PITTEL AND
VOGEL:

SUA (p)=(f |LTA [i) = al0T2 5400 (p)+al0 all SI01 (p)+allT2 Si11 (p)

Isoscalar Coupling Isovector Coupling

J. Engel, S. Pittel, and P. Vogel, Int. J. Mod. Phys. E 1, 1 (1992).
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VALENCE SPACE IMSRG

e FIND AN APPROXIMATE GROUND STATE USING HARTREE-FOCK AND A CHIRAL INTERACTION

« NORMAL ORDER ALL OPERATORS WITH THE HF STATE AS A REFERENCE

¢ PERFORM A UNITARY TRANSFORMATION DECOUPLING A VALENCE SPACE IN THE HAMILTONIAN
e SIMULTANEOUSLY TRANSFORM OTHER OPERATORS

* DIAGONALIZE THE VALENCE SPACE HAMILTONIAN FOR THE SPECTRUM

o COMPUTE MATRIX ELEMENTS USING TRANSFORMED OPERATORS AND NEW FOUND STATES

e THIS FRAMEWORK EASILY ALLOWS FOR CONSISTENT AB INITIO CALCULATIONS IN HEAVY NUCLEI

S. R. Stroberg et al. Phys. Rev. Lett. 118, 032502 (2017)



RESULTS
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USDB, Bare Operators

Fit from [5]
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EM N3LO 2N Interaction [6]

I Navratil N3LO 3N Interaction [7]
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P. Klos, J. Menendez, D. Gazit, and A. Schwenk, Phys. Rev. D 88, 083516 (2013).
D. R. Entem, and R. Machleidt, Phys. Rev. C 68, 041001(R) (2003).
P. Navrdtil, Few-Body Syst. 41, 117 (2007).




FUTURE DIRECTIONS

COMPUTATION OF THE ISOVECTOR PIECES OF THE AXIAL STRUCTURE FACTOR
INCLUSION OF FULL TWO-BODY TERMS

STUDY OF UNCERTAINTIES FROM CHIRAL INTERACTIONS AND LOW ENERGY CONSTANTS

CALCULATION IN HEAVIER NUCLEI: 1272.131XE, 127], 73GE



