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Elementary Particles

Types Generations | Antiparticle | Colors | Total
Quarks Fair 3 36
2 3
Leptons Fair MNone 12
Own & a
Own 1
1 1 Own 1
MNone
Pair 2
Higgs Own 1
Total number of (known) elementary particles: 61
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CMS particle detector on the Large Hadron Collider (LHC) at CERN
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CMS particle detector on the Large Hadron Collider (LHC) at CERN
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5. TemMHaa maTepus U TeMHasa aHeprus

Spiral galaxies of billions of Stars

From the Hubble .
- Space Telescope*
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Observed velocities
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Dark
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Matter
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TODAY
Neutrinos Dark
10% Matter
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Photons
15%
Atoms
12%

13.7 BILLION YEARS AGO

2
(Universe 380,000 years old) Gravitational Lens G2237+0305
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The solar system moves through the galactic halo
at about 230-kilometers per second. That creates

a wind of dark matter particles impinging on
detectors on earth!

Sun 230 km/s
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Electron Recoil
(gammas)

1. Direct detection (scattering XS)

* Nuclear (atomic) recoils from elastic scattering

¢ (annual modulation, directionality, A- & J-dependence)
¢ Galactic DM at the Sun’s position — our DM!

* Mass measurement (if not too heavy)

Nuclear Recoil
\ (neutrons, WIMPs)

direct 2. Indirect detection (decay, annihilation XS)
-

* High-energy cosmic-rays, y-rays, neutrinos, etc.
e Over-dense regions, annihilation signal o« n?
¢ Challenging backgrounds

production
indirect

3. Accelerator searches (production XS)
* Missing transverse energy, monojets, etc.

* Good place to look for particles...

* Mass measurement poor, at least initially

* Can it establish that new particle is the DM?
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Instrumentation conduits

Water tank

Gadolinium-loaded
liquid scintillator veto

High voltage
feedthrough

Liquid xenon
heat exchanger

120 veto PMTs —

7 tonne liquid xenon

time-projection chamber — 488 photomultiplier tubes (PMTs)
Additional 180 xenon “skin” PMTs
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BMECTO 3AKJNTKYHEHWA:

¢The existence of dark matter is at present one of the strongest pieces of
evidence that the current theory of fundamental particles and forces,
summarized in the standard model of particle physics, is incomplete.

é Dark matter therefore plays a central role in both particle physics and
cosmology, and the discovery of the identity of dark matter is among the
most important goals in science today.e

The Report of the Dark Matter Scientific Assessment Group, a joint sub-panel of the High Energy
Physics Advisory Panel (HEPAP) and the Astronomy and Astrophysics Advisory Committee
(AAAC), states (July 2007)
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