
Dark Matter
ASTR 333/433

TODAY
WIMP detection

Homework 4 on-line
Due 4/23 (last class)



Feynman diagram

Illustrates the interaction of particles by the exchange of force carriers - 
in this case, electrons scatter by photon exchange 
(electrostatic repulsion: two negatively charged particles repel each other)
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Ps created in particle 
colliders (like the LH

C
)

WIMPs scatter off nuclei 
in underground 

laboratory experiments

dark matter particles

standard model particles





Experimental results to date (early 2020): nada

the LHC has discovered the Higgs
    - a necessary ingredient for SUSY
    - too “normal” for MSSM (minimal SUSY)
the LHC has NOT observed excess Bs meson decay
    - the Golden Test for SUSY
    - looking grim for MSSM, SUSY in general

Particle production DM created in the LHC 
would escape like a neutrino; 

would be noticed by non-
conservation of mass-energy



Experimental results to date (early 2020): nada

Indirect detection
predicted gamma ray sky



Indirect detection:



Galactic Center

sub-halos

Experimental results to date (early 2020): nada
gamma ray flux from WIMP self-annihilation scales as the square of the 
dark matter density.

simulated gamma ray sky



Strigari (2018) Reviews of Modern Physics, 81, e6901

P (v) =
fDM (x, v)

⇢DM (x)
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Working out the expected gamma ray flux

h�vi =
Z

d3vP (v)�(v)
<latexit sha1_base64="rFr870Y5mDGsiNdj7DxR3K3mz+o=">AAACEnicbVDLSsNAFL2pr1pfUZduBotQNyWxgm6EohuXFewDmlomk0k6dPJgZhIopX/hxl9xI+Kmgj/g3zhts2nrgYHDOWe491w34Uwqy/o1ChubW9s7xd3S3v7B4ZF5fNKScSoIbZKYx6LjYkk5i2hTMcVpJxEUhy6nbXf4MPPbGRWSxdGzGiW0F+IgYj4jWGmpb9YcjqOAU+RIFoQYZcgRC+EOOSxSyHupZahRyS7zhGZ9s2xVrTnQOrFzUoYcjb45dbyYpCGNFOFYyq5tJao3xkIxwumk5KSSJpgMcUDH80oTdKElD/mx0E9vMVeXcjiUchS6OhliNZCr3kz8z+umyr/tjVmUpIpGZDHITzlSMZrdB3lMUKL4SBNMBNMbIjLAAhOlr1jS1e3VouukdVW1rar9dF2u3+dHKMIZnEMFbLiBOjxCA5pA4A0+YArfxqvxbnwaX4towcj/nMISjJ8/64ubdQ==</latexit><latexit sha1_base64="rFr870Y5mDGsiNdj7DxR3K3mz+o=">AAACEnicbVDLSsNAFL2pr1pfUZduBotQNyWxgm6EohuXFewDmlomk0k6dPJgZhIopX/hxl9xI+Kmgj/g3zhts2nrgYHDOWe491w34Uwqy/o1ChubW9s7xd3S3v7B4ZF5fNKScSoIbZKYx6LjYkk5i2hTMcVpJxEUhy6nbXf4MPPbGRWSxdGzGiW0F+IgYj4jWGmpb9YcjqOAU+RIFoQYZcgRC+EOOSxSyHupZahRyS7zhGZ9s2xVrTnQOrFzUoYcjb45dbyYpCGNFOFYyq5tJao3xkIxwumk5KSSJpgMcUDH80oTdKElD/mx0E9vMVeXcjiUchS6OhliNZCr3kz8z+umyr/tjVmUpIpGZDHITzlSMZrdB3lMUKL4SBNMBNMbIjLAAhOlr1jS1e3VouukdVW1rar9dF2u3+dHKMIZnEMFbLiBOjxCA5pA4A0+YArfxqvxbnwaX4towcj/nMISjJ8/64ubdQ==</latexit><latexit sha1_base64="rFr870Y5mDGsiNdj7DxR3K3mz+o=">AAACEnicbVDLSsNAFL2pr1pfUZduBotQNyWxgm6EohuXFewDmlomk0k6dPJgZhIopX/hxl9xI+Kmgj/g3zhts2nrgYHDOWe491w34Uwqy/o1ChubW9s7xd3S3v7B4ZF5fNKScSoIbZKYx6LjYkk5i2hTMcVpJxEUhy6nbXf4MPPbGRWSxdGzGiW0F+IgYj4jWGmpb9YcjqOAU+RIFoQYZcgRC+EOOSxSyHupZahRyS7zhGZ9s2xVrTnQOrFzUoYcjb45dbyYpCGNFOFYyq5tJao3xkIxwumk5KSSJpgMcUDH80oTdKElD/mx0E9vMVeXcjiUchS6OhliNZCr3kz8z+umyr/tjVmUpIpGZDHITzlSMZrdB3lMUKL4SBNMBNMbIjLAAhOlr1jS1e3VouukdVW1rar9dF2u3+dHKMIZnEMFbLiBOjxCA5pA4A0+YArfxqvxbnwaX4towcj/nMISjJ8/64ubdQ==</latexit><latexit sha1_base64="rFr870Y5mDGsiNdj7DxR3K3mz+o=">AAACEnicbVDLSsNAFL2pr1pfUZduBotQNyWxgm6EohuXFewDmlomk0k6dPJgZhIopX/hxl9xI+Kmgj/g3zhts2nrgYHDOWe491w34Uwqy/o1ChubW9s7xd3S3v7B4ZF5fNKScSoIbZKYx6LjYkk5i2hTMcVpJxEUhy6nbXf4MPPbGRWSxdGzGiW0F+IgYj4jWGmpb9YcjqOAU+RIFoQYZcgRC+EOOSxSyHupZahRyS7zhGZ9s2xVrTnQOrFzUoYcjb45dbyYpCGNFOFYyq5tJao3xkIxwumk5KSSJpgMcUDH80oTdKElD/mx0E9vMVeXcjiUchS6OhliNZCr3kz8z+umyr/tjVmUpIpGZDHITzlSMZrdB3lMUKL4SBNMBNMbIjLAAhOlr1jS1e3VouukdVW1rar9dF2u3+dHKMIZnEMFbLiBOjxCA5pA4A0+YArfxqvxbnwaX4towcj/nMISjJ8/64ubdQ==</latexit>

distribution function

dark matter density

Probability of a dark matter particle having velocity v
averaged annihilation

cross-section

 𝛔 here is the interaction cross-section 
(not velocity dispersion)


𝛔 often assumed to be velocity 
independent, but doesn’t have to be.

photon flux photon spectrum

solid angle
dark matter density squared as projected on the sky
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line-of-sight integralDM particle mass

“J factor” J =

Z
d⌦

Z
d`[⇢DM (r(`,⌦))]2
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If the interaction cross-section is not velocity-dependent, 
then the flux depends only on the DM density profile.



Low mass 
WIMPs 

excluded for 
various decay 

channels
thermal cross-section



One must exclude astrophysical sources 
before claiming a detection of dark matter.

Cosmic Rays





Experimental results to date (early 2020): nada
Direct detection

Many, many experiments
CDMS, LUX, XENON, DAMA, etc., etc.

Basic idea:  WIMP passing through detector interacts via weak 
force; scatters off nucleus.  Detect deposited energy of recoil. 
(analogous to neutrino detection).



XENON type detectors

Direct detection:

Must protect 
experiments 
from cosmic 
rays, natural 
radioactivity, 
self-
radioactivity, 
etc., etc.

Bury them 
deep in mines.



WIMPs are hiding

WIMP detection experiments

original prediction ~10-39

2008 prediction

Mass of WIMP
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WIMP mass (~100 GeV natural)
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solar neutrinos supernova neutrino background



Experimental results to date (early 2020): nada

LHC: the LHC sees no indication of dark matter
      or even supersymmetry

Direct Detection: Nothing so far
(DAMA claims a detection that no one can reproduce)

Indirect Detection: Various claims
    gamma ray excess near Galactic Center
    cosmic ray excess
    unidentified X-ray lines

As yet: nothing credible.

WIMPs, as originally expected,
have been thoroughly falsified



How do we decide when 
we’ve looked hard enough?

• where are the WIMPs?

Low cross-section  
(weak scale, 

strongly suppressed)

TeV DM 
(WIMPzillas) 

(because why not? 
Unitarity bound  
not till 100 TeV)

Light DM 
(violate Lee-Weinberg  
   bound: m > 2 GeV)
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Many recent hypotheses for dark matter attempt to dodge experimental 
constraints by moving the goal posts, either in cross-section or mass



One can always 
make up other stuff


