Prospects for Conventional Long-Baseline
Oscillation Experiments
and
Comparison with a
Neutrino Factory

Deborah A. Harris
Fermilab

Neutrinos and Implications for
Physics Beyond the Standard Model
Stony Brook, New York
October 13, 2002

e Overview: challenges

e Why this is hard

e Coping Strategies

o Example: NUMI Off-Axis Proposal



Deborah Harris,Prospects for Long-Baseline Experiments 5

First Step-MORE MORE MORE

All the proposals listed on the previous page,
will see v, candidate events even w/o oscilla-
tions! — Gains in Sensitivity come in square
roots

e More Detector Mass than ever Before
— Water Cerenkov Devices figure prominently:
instrument surface only!

— “Industrialization” of Detector Construc-
tion a must

— typical estimates: factors of 4 to 20 above
current largest detector of any given tech-
nology

e More Beam Power

— New Proton Drivers
— New Super Rad-hard beamlines
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Beam Optimization-Pick One!

-

e Narrow Band Beams (JHF2K, NUMI-OA)
— Good News: Backgrounds have broad
energy spectrum
— Bad News: Beam width is much narrower
than oscillation width
e Very Low Energy (CERN SPL)
— Good News: Good Signal Acceptance &
bkgd rejection
— Bad News: Cross Section is very small,
esp. 'S
e Very Long Distance (BNL2NUSL)
— Good News: matter effects amplify signal

— Good News: CP violating part increases
with L

— Bad News: pion production spectrum steeply
falling

— possible good news: o7 ; x E,
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Detector Optimization

But first, a reminder about neutrino interactions
Quasielastic Resonance DIS
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Particle ID in Water Cereknov-2GeV
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Liquid Argon TPC
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Fine-Grained Calorimetry
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I How Low Can you Go?

CERN SPL: use 2.2GeV protons to make a neu-
trino source, with LEP cavities, and UNO de-
tector at Frejus
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How Far Can you Go?

BNL Wide Band. Proton Energy = 28 GeV

E Distance = 1 km
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How Narrow Can you Go? (NUMI-OA)

Following example from BNL-889 and JHF-SK
(D. Beavis et al., BNL No. 52459, April 1995):
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What Baselines Are Available?
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What Are the Backgrounds Like?
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¢ 0.5% ve! (peak) of NUMI-OA
— 14mrad off angle beam, v, width: 20%

— plot shows sin® 2613 = 0.04, 735km
— No Neutral Current Rejection Assumed here
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L Background Comparison

For NUMI-Off Axis Beam, several monte carlo
studies have been done

v CC NC
Detector Energy 1. acc.
Type (GeV) acc. x1072
H>0O Yepenkos™ 2 024 2
MINOS?mvw 2 040 15

Fine Grained] .ow = 2 0.30 .17
Fine Gralnedm“ AghZ 2 040 2

Liquid Ar‘° 2 090 .1
CAVEAT: Some numbers are preliminary!
References: i

dmvw M. Diwan, M.Messier, B.Viren. L.Wai,
NUMI-L-714

" M.Velasco,et al hep-ph/0204208

P A. Para,LOI e D-ex/ 210805

“ M. Campanelli, and ICANOE Proposal

" Mark Messier, Dave Casper
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NUMI-OA Sensitivity vs Detector

Technology
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Different rejection factors and signal
efficiencies mean different detector mass
requirements for same physics reach!
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NUMI Off-Axis v~ Running
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Neutrino Factory Beams
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Background Rejection at a v factory
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With a MINOS-type Detector
Ability to accelerate muons AND have very low
backgrounds means sensitivities with 50kton
detectors still beat conventional beams
with 500kton detectors!
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Physics Sensitivity at a  Factory
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‘ Conclusions

Beam Mass Power sin® 26, 6®  Matter
Name (kton) (MW) sens.? Effect

OPERA° 1.8 0.15 0.04 -
ICARUS? 24 0.15 0.03 -
MINOS™ S 0.4 0.05 -

JHF2SK 225 0.8  0.006 - -
NuMI-OA 20 0.4  0.005 - 2L

SJHF2HK 450 4 ~0.001° 5/>20° <CP
SNUMI-OA 100 2 ~0.001° 133+20 >CP
BNL2NUSL 500 1 0,004 15+20 >&<
dealy  CP
CERN SPL 40 4 0.005 90+60 <KCP
CERNSPL 400 4 00016 9.3 <CP
v Factory 50 N <10™* 9= huge!

“at Am3, = 3 x 10-9eV?2,at 90%CL
® all evaluated at different regions of parameter space!

“ M. Komatsu, P. Migliozzi, F. Terranova hep-ph /0210043
" M.Diwan, M.Messier, B.Viren, L.Wai, NUMI-L-714

* Assume 5% systematic uncertainty!

No correlations, Non-ng:‘Lf nons. . ...
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Conclusions
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