arXiv:astro-ph/0008223 15 Aug 2000

* Presented at the NuFact´00 (Monterey, CA, May, 2000) and to be published in the Proceedings byNIMPR-A.

A New Underground Laboratory in the USA for a

Neutrino Factory Detector and

Other Scientific Projects *

CAA-0162-7/00

David B. Cline

Center for Advanced Accelerators

Department of Physics and Astronomy, Box 951547

University of California, Los Angeles, CA 90095-1547 USA

Abstract. A neutrino factorystorage ring can provide beams to various locations. We discuss the

ICANOE detector (at LNGS) at one such site. We then describe the prospects for the use of the underground locationatCarlsbad,NMforaneutrinofactorydetector.Abriefdiscussionisgivenof a simple magnetized Fe detector of 10

� 50 kT for this site.

INTRODUCTION

The development of a neutrino factoryrequires the complimentarydevelopment of a

large detector, possibly50 kT. It is likelythat such adetector will go underground. There

are actuallyonlya few underground laboratories in the world capable of hosting such a

detector and veryfew in the USA. Of course the LNGS is a wonderful example of a

laboratory with a large overburden that is on the surface, and the ICANOE detector is

possibly useful for a neutrino factoryif the magnetized Fe system is rearranged. In this

report, we describe a new underground laboratoryfor particle physics application and the

possible development of a neutrino factorydetector for this site at Carlsbad, NM.

PHYSICS POTANTIAL OF THE NEUTRINO FACTORY

The physics potential of a muon storage-ring neutrino factoryis large 1-3 and includes

(A) Observation of

� � μ

at levels of 10 -3 ; possible detection of � e

� � μ

and � e

� �

2

;

(B) Studyof � μ

� �

2

and ; � μ

� �

2

(C) Possible CP violation test for

(i) � μ

� �

2

, ( ); � μ

� �

2

(ii) � e

� �

2

, ( ), � e

� � μ

, ( ); � e

� �

2

� e

� � μ

(D) Possible studyof the combined effects to final states (T violation). � μ

, � μ

� e

, � e

In the case (Ci), we ex pect a verysmall signal in the three-neutrino ^CKM~ matrix formulation. However,iftherearesterileneutrinos,theCPviolationcouldstillbeverylarge in this channel.

One strength of the ICANOE 4 detector is the real-time identification of

�

2

+ N �

2 + x

|_

� e ,μ

|_

� hadron .

Using NOMAD-like cuts in addition, the process �

e

� �

μ

, �

μ

+ N � μ

-

+ x can be detected

using a magnetized toroid system such as is employed for ICANOE.

In order to address the detection of the processes described before and the resulting

background, we need to specifythe neutrino factoryparameters.

We point out for historical reference that one of the earliest papers on a μ ± neutrino

source wasbyClineandNeufferin1979-80. 1 Therecentinterestinthissubjectisduetothe

probable discoveryof neutrino oscillations bySuperkamiokande (SK) using atmospheric

neutrinos.

The currentsituationinneutrinomassandmixingphysicslendsitselftosomeconfusion.

We donotknowiftherearesterileneutrinosornot,andaneutrinofactorycouldbethekey

to resolving this issue.

Another keypossiblyis to operate a neutrino factorybelow �

e

� �

2 threshold and then

observe in thedetector. Thedetection of �

e

� �

2 or �

e

� �

μ will be crucial for �

e

� �

μ

� μ

� the so-called wrong-sign lepton.

We now discuss the possible level of the signals for neutrino oscillations at a neutrino factory. We can write the transition probablyas

, P μ 2

cos 2

�

13 sin 2 2 �

23 sin 2 1 . 27

L

E

û 2 m

, P e 2

sin 2 �

23

sin 2 2 �

13

sin 2 1 . 27

L

E

û 2 m where Lis in km, E is in GeV, and û 2 m is in eV 2 . The SuperKamiokande results suggest that �

23

� 45

( . The current limits on � μ

� � e

constrain �

13

to be less than 20 ( . Since we know nothingabouttheneutrinoCKMmatrix, �

13

couldbeverysmall.Wecanexpressthe

� e

� �

2

transitionasP e 2

� P e μ

(cos 2 �

23

/sin 2 �

23

). For �

23

w 45 ( , wefindP

e 2

� P

e μ

). Thusfor

the issue of background estimates, if �

13 is small, then both P

e 2 and P

e μ will be small.

There are natural sources of wrong sign leptons produced in high-energyneutrino

interactions. Whilethesebackgroundswillnotlikelyaffectthedetectionof �

e

� �

μ

, wewill

show that for some parameters this background will be dangerous for �

e

� �

2 detection.

To show whywrong-sign leptons produced in neutrino interactions maybe a limiting

background for �

e

� �

2

, we consider the following:

�

e

� �

2

, (P

e 2

) ;

�

2

+ N � 2 - + X , (

� decaysearch,anovelsupernovadetector,etc.).

The depthofthesitealsohelps(seeFig.3).Ascanbeseenfromthefigure,theunderground site isinhalite(ormainlyNaClstructure),whichprovidesforeasyexcavationforthetunnel for the neutrino factorydetector (see Fig. 2). Also the halite has low radioactive backgrounds, which are needed for other projects at such a site.

A NEUTRINO FACTORY DETECTOR AT CARLSBAD

In a related work, 8 we have described a bowtie storage ring to send beams to several detectors. TherearetwopossibledetectorsthatcouldbeinstalledattheCarlsbadtousefor a neutrino factory:

1. A largeICANOE-typedetector(asInotedinRef.6,whichwaspresentedatthefirst neutrino factorymeeting in Lyon), and

2. A large, relativelyinexpensve magnetized Fe spectrometer. 9

In Fig. 4, we show a schematic of a 10-kT magnetized Fe detector. Such a detector could also bescaledto50kT.WhileFig.2showsatunnelthatpointstoFNAL,itisalsopossible to point the tunnel in the direction of BNLor even to CERN if that is where a neutrino factoryis eventuallyconstructed.

ACKNOWLEDGMENT

We wish to thank Y. Fukui, A. Garren, and F. Sergiampietri for their help. We also thank R. Nelson for the use of WIPP site drawings (Figs. 2 � 4).

REFERENCES

[1] Cl ine,D.andNeuffer,D.,in Physics PotentialandDevelopmentof μ + μ - Colliders (Proc.,

SecondWorkshop,Sausalito,CA,Nov.1994),AIPConferenceProceedingsNo.352,ed.

D. B.Cline(AmericanInstituteofPhysics,Woodbury,NY,1996),pp.10-11(reprinted from 1981).

[2] Geer, S., FNAL, private communication (1999).

[3] CERN Studyof the Neutrino Factory, CERN report No. 99-02 (1999).

[4] ICARUS and NOE Collaboration, ^ICANOE: A Proposal for a CERN-GS Long

Baseline and Atmospheric Neutrino Oscillation Experiment,~ CERN/SPSC 99-25

(August 30, 1999).

Table 1. Carlsbad Site

______________________________________________________________

� Federal facilitywith > 35-yr lifetime

� 661-m below surface (2000 mwe*)

� Extensive facilityinfrastructure in place:

- U/G transport and personnel/equipment access

- Power and high-speed data communications

- Security, safety, and emergencyservices

- Surface support and highwayaccess

______________________________________________________________

*Meters water equivalent

Table 2. WIPP Underground Research Facility 7

______________________________________________________________

� 40-ton material/personnel shaft

� 9’5" wide × 15’4" deep × 13’8" high (2 cages)

� Nominal 15 trips/day

� 20-ton salt shaft provides added flexibility(plus 2 ventilation shafts)

� 3’11" wide × 4’3" deep × 11’8" high (2 cages)

� Two 13.8-kV circuits with 60 A/480 V/3-phase

� Twenty-two fiber optic lines with Tbase 10 (72 planned by2002)

______________________________________________________________

Table 3. Summaryof Background Radiation at WIPP 7

______________________________________________________________

� Thorium (ppb) 96 ±59 (27 � 195)

� Uranium (ppb) 49 ±24 (19 � 91)

� Neutron Flux

- Total: ~340 m -2 d -1

- Epithermal and thermal: ~115 m -2 d -1

� Radon from surface air dominates levels in underground

� Depth ~2000 mwe (close to Soudan): μ ~ 1 � 2 × 10 -7 cm -2 s -1

� No significant increase (from WIPP TRU waste) in neutrino environment

above that from primordial terrestrial sources (K/Th/U)

______________________________________________________________

Fig. 3. Cross section of the underground structure near the Carlsbad site.

Fig. 4.Schematicofa10-kT,magnetizedFespectrometerforaneutrinofactorydetectorat

Carlsbad.

[5] C line, D., in Neutrinos in the New Millennium (Proc., 23rd Johns Hopkins W ksp. on

C urrent Problems in Particle Theory, Baltimore, MD, June 12˘12, 1999), eds. G.

Domokos and S. Kovesi-Domokos (World ScientificPublishing, Singapore, 2000) pp.

189-200.

[6] Cline, D.,^Wrong-SignMuonAppearancewithanICARUS-likeDetectorataNeutrino

Factory,~ in Proc., Neutrino Factories Based on Muon Storage Rings, NuFact´99

(ICFA/ECFA, Lyon,France,July1999) Nucl. Instrum.Meth.A (inpress),UCLAreport

CAA-0156.

[7] R. Nelson,presentedattheCarlsbadUndergroundWorkshop(Carlsbad,NM,June2000)

[8] D. Cline, A. Garren, Y. Fukui, ^A Neutrino-FactoryMuon Storage R ing to Provide

Beams for Multiple Detectors Around theWorld,~in Proc., 5 th Int. Conf. sponsored by

UCLA on Physics Potential and Development of μ + μ - Colliders (San Francisco, Dec.

1999), ed. D. Cline (AIP, New York, in press).

[9] D. Cline, ibid. Ref. 7.