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Sanford Underground Research Facility

Homestake gold mine in the Black Hills in South Dakota

Historic Davis neutrino experiment at the 4850L
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SURF

Envisioned as very large, multi-level science and engineering laboratory

Scaled down to one level at 4850 ft (1500m, 4300 m.w.e.)

Low-background counting, Majorana, LUX/LZ, DUNE (ex LBNE),
CASPAR
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Ross campus
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CASPAR
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Hardware

1MV JN accelerator provides ∼ 150µA protons, alphas

10 years at Notre Dame, refurbished and moved to South Dakota
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Caspar site layout
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Before

A. Best (UniNa/INFN-Na) CASPAR / Underground Neutrons March 1, 2016 8 / 23



Caspar makes the news
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Move-in after site preparation

August 19
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The nagging feeling of having forgotten something

August 26
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New floor

October 6: Beamlines and
components installed
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Current status and schedule

Accelerator connected
underground

First beam expected April

First science results early 2017
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Experimental program (5-8 years)

Priority: s process neutron sources
I 22Ne(α,n)25Mg
I 13C(α,n)16O

γ-ray spectroscopy
I 14N(p, γ)15O
I 22Ne(α, γ)26Mg
I 3He(α, γ)7Be

Future challenge
I 26Al(p, γ)27Si
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Part II - Neutrons
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Motivation

Astrophysical neutron sources 13C(α,n)16O, 22Ne(α,n)25Mg

Very low cross sections: background-free environment

Underground n flux > 103 suppression over surface

Site characterisation for DIANA project in USA
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Program

Neutrons not easy to measure

Large systematic differences between different groups

Use single portable setup:
I relative flux comparison
I absolute values with same systematics

Visited SURF

, KURF, Soudan, WIPP

New job → new site! (LNGS)
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Setup

3He counters, 10 bar pressure in Al housing

Analog electronics, laptop for DAQ

Small footprint

Supervisionless data taking (> 5 months)
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Background conditions & detector response

Channel
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Neutrons on surface: cosmic-ray muon
induced, ≈ 10−3 cm−2 s−1

“No” muons underground → 10−6

cm−2 s−1 from (α, n) and 238U
3He is a counter, no energy info

Underground neutrons ≈ 70% thermal
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Internal counter background

Residual neutron flux 3-4 o.o.m. lower than surface

Internal counter background major contribution (≈3 /hour)

alphas from U, Th contaminants in housing (Hashemi-Nezhad 1996)

Energy spectrum up to 9 MeV, but covering entire neutron region
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Site properties

Iron-, gold-, limestone-, and salt mines

No shallow sites, no competition with muon-induced n measureable

Air-circulation (radon) appears to have effect

Spoiler: salt is good
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Spectra

Bin #
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(a) TCR (4300 mwe)
Davis campus (4300 mwe)
4100L (3600 mwe)
WIPP (2000 mwe)
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(b)
WIPP (2000 mwe)
LNGS (3800 mwe)
Soudan (2090 mwe)
KURF (1400 mwe)

KURF first test site, only 1 month /to bad statistics

WIPP: after 5 months still no discernible signal

Three times at SURF, but Michael still not happy with the flux
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KURF first test site, only 1 month /to bad statistics

WIPP: after 5 months still no discernible signal

Three times at SURF, but Michael still not happy with the flux
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Thanks!

A. Best (UniNa/INFN-Na) CASPAR / Underground Neutrons March 1, 2016 23 / 23


