Large Underground Space for Neutrino Detectors

Kirk T. McDonald Princeton University June 26, 2001 Meeting with Brierley Associates Ithaca, NY

http://puhep1.princeton.edu/~mcdonald/nufact/

Neutrinos

• Recent evidence indicates that neutrinos have mass.

The total mass of neutrinos in the universe is likely large than that of ordinary matter.

• Neutrinos are much like electrons – but without electric charge. • The heaviest neutrino weighs about 1/10,000,000 of an electron.

⇒ Neutrinos produced on Earth or in the Sun move at very close to the speed of light.

• Most neutrinos pass through the Earth without interacting. • Go underground to avoid cosmic rays.

• To detect low-energy neutrinos, natural radioactivity must be low.

• ⇒ Need large underground space for neutrino detectors.

(At Least) Three Kinds of Neutrinos

• There are 3 kinds of electrons: e, μ, and τ .

The main difference is their mass: m_μ ≈ 200m_e, m_τ ≈ 3700m_e. • For each type of electron, there is a type of neutrino:

ν_e, ν_μ, and ν_τ .

The neutrinos differ mainly in their masses – but these are not well known yet.

• Apparently, neutrinos can change their type:

“neutrino oscillation”.

• The distance over which a neutrino changes its type depends on its energy.

• For the most probable type of oscillation, the best distance for observation is 400 km ×E_ν in GeV.

• Example: Ithaca to Brookhaven Lab is 360 km ⇒ best for E_ν ≈ 0.9 GeV – which is a good energy for neutrino beams at BNL.

Superkamiokande Sets The Standard

SuperK is a water tank, 40 m diameter, 50 m tall. It is located about 2000 m underground in a zinc mine in western Japan.

A New Large Detector Concept: LANNDD Liquid Argon Neutrino and Nucleon Decay Detector

LANNDD is 50 m Diameter, 60 m High

http://xxx.lanl.gov/abs/astro-ph/0105442

LANNDD Physical Parameters

http://www.hep.princeton.edu/~mcdonald/nufact/sergiampietri nufact01.pdf

Where to Put a Large Neutrino Detector? Previous (smaller) neutrino detectors are in existing mines.

Is a New Site Affordable?

• For an accelerator-based neutrino experiment,

Physics output ∝ neutrino flux × detector mass. • ⇒ Physics/dollar optimized when accelerator costs are similar to detector/site costs.

• Accelerator upgrades to a 4-MW proton source to drive the neutrino beam will cost ≈ $400M.

• A 50-100 kton neutrino detector will cost $100-200M. • In this context, a site cost of $100-200M is justifiable.

• A recent prosposal seeks $200M to upgrade the Homestake Mine site – but only for small detectors.

http://www.sns.ias.edu/ jnb/Laboratory/NSFproposal.pdf • Can a new, large site be commissioned for a similar cost?

Siting Criteria for a Large Neutrino Detector

• Good access so can construct a large underground facility.

⇒ Horizontal tunnel preferable to vertical shaft. • Deeper is better – but a large neutrino detector does not need to be as deep as a small one. At least 2000^0 underground.

• A dry site is preferable.

• Low natural radioactivity is preferable.

This and the previous item tend to favor sites in salt beds – if big caverns are viable there.

• The site should be near suitable academic, cultural and industrial infrastructure.

Extensive Salt Beds in the Great Lakes Area

How deep?

Vertical access only?

Horizontal Access Sites Along the Hudson and in the White Mountains

High Peak near Catskill, NY is 3650^0 high and 170 km from BNL. Possible access: L = 2.6 mi, Δh = 3050^0, or L = 4.0 mi, Δh = 3300^0.

Mt. Washington, NH is 6288^0 high and 390 km from BNL. Possible access: L = 2.8 mi, Δh = 4300^0.

Mt. Adams, NH is 5774^0 high and 390 km from BNL. Possible access: L = 3.0 mi, Δh = 4400^0.

Water, radioactivity...?