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e Running or Soon to run Experiments
— MINOS
— K2K

o — OPERA
— MiniIBooNE
— [CARUS

e \What comes Next?

— J-PARC to Super-Kamiokande
— NuMI Off-Axis

e And then what?...
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Present Experiments: Motivation
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Experiment Baseline PeakEnergy Primary
Name (km) (GeV) Goal
MiniBooNE 0.500 1 Confirm or refute
LSND anomaly
K2K 250 1.3 Verify with beam
v, disappearance
MINOS 735 3.5 Measuré\ms3, to 10%
OPERA 732 17 v, — Uy
ICARUS 732 17 v, — Vr
2
P(vg = vg)|a+s = sin’20 sin® Ak

v
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Current Experiments: Beamlines

Protons LK LK, (W) TRY
—_— f — — =
ocus Let th eld
(maybebend) gecgy oo

Experiment E, E, POT Target Decay
(GeV) (GeV) (/lyear) Material Length

K2K 1.3 12 1e20 Al 200m

MiniBooNE 1 8 le2l Be 50m

MINOS 3.5 120 2.5e20 Graphite 725m

OPERA 17 400 4.5e19 Graphite 1000m

ICARUS 17 400 4.5e19 Graphite 1000m
horn
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(Current) Events

e MiniBooNE-50K events on tape!
wWHN = +X V4N —= 1+X

Super-Kamiokande

Still easy to
reconstruct events

with 3 tube density.

Times (ns)

o K2K
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On the way to taking data...

e MINOS

e ICARUS

i
. with
. stopping pion
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On the way to taking data...

e OPERA
The Emulsion Cloud Chamber (ECC)

1 mm

L. ~ Emulsion lavers

< UM Space res. 1
rack segments

Performance measured in test beams at CERN
Event reconstruction with an ECC
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Signatures—Disappearance

o K2K
*512 ~
@t So far, 56 events seen,
| 80.17%% expected

w/o oscillations

Ahn et al, PRL 90, 2003
Statistics to double
In next 2 years
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Signatures—Appearance

e MiniBooNE

s

POINTS— SIGNAL, Am?*=0.4 eV?, sin“8=0.04

SOLID — INTRINSIC v, BACKGROUND
DASHED — 7° MIS—ID BKG

DOTTED — MU MIS—ID BKG

Talifr 1
L L L L L L
2.5

500-1000
Signal if
LSND = osc
1000 beamv,
1000 ¥ or u
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e OPERA (one brick)

== zwel| Events in 5 years

%m__ at 6.8 x 10¥p/yr

< @l [ Am? Design Imprd Bkgd
s Gl

o e R x1073

,.,lﬁf“““ 1.8 9.0 103 9
:_ ‘ 2.5 17.2 19.8 .9
3 40 438 504 .9
100 oy <aa e <aon iy ¥~ | Ref: P.Migliozzi
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Signatures—Appearance

e ICARUS
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Status of Current Generation

Milestone MiniBooNE K2K MINOS OPERA ICARUS

Beamline

Excavated Vi Vi Va 954/
Electricity

water, air Vi v, now 2004-5
Decay Pipe

Installed v v V 2003-4
Beamline

Installed vV v 2004 2005

p on Target Vi v/, 1/2005 mid 2006
total POT 0.05 0.4

Far Det. 1.00 1.00 > 0.92 0.2

Near Det. n/a 1.0 1.0 n/a n/a
Test Beams v V v v
Cosmicy vV vV vV n/a Vi
Atm. v

Seen v v V

Caveats:

MINOS has assembled near detector on surface
ICARUS has run 0.6kton module in Pavia,
approved for 0.6kton so far in Gran Sasso
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2-Generation Mixing Sensitivities
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What will we know from these?

e Atmosphericy anomaly due to oscillations

e LSND due/not due to oscillations (MiniBooNE)
maybesin® 207,95 p, Am7 ¢ n p to about 10%

o sin? 20,4, Am2,,, to about 10%

o Am?,; (from KAMLAND)

What will we still want to know?

e Are any angles O or /4 in ther matrix?
e Is there CP violation in the Lepton Sector?
e Are there two heavy neutrinos, or 17?

2
3 T Amiunt 1
Amzatm
i 1Am§un l 3
Am232 >0 Am232 <0
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3 Generationr Oscillations In
25 words or less

Produce Weak
Vo V1 Eigenstate...
v | = 9, v Detect Weak
M 2 Eigenstate...
Vo Vg Propage Mass
Eigenstate

To get the probability of, — 1
W_ Vi Vb

S

- - = amplitudes

\a V,  andsguare...
_—
P<Va — Vb) —
2;3:12?:1UaiU;jU[;kiUbje_wmijL/QE

Every transition “oscillates” at evetym?L/E
o P(v, — v;) atAm?,, constraind/ss

o P(ve — vrvy) atAm?2,; constraind/;s
o P(v, — ve) at AmZ,,, constraind/;3
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Measuring U;3 Is not so simple...

Plvy = ve) =P+ P+ P3+ Py

A » By L
P, = sin?6y3sin” 2015 (Bf) sin? 5

A o AL
Py = cos?fy3sin 912( 22) sin? -

_ Ap\ (A Al . AL . Byl
Py = Jcoso COS sin sin
A )\ B, 2 2
A A AL . AL . BiL
P, = :|:Jsin5( 22) (Bl?’) sin — 2 sinTSin j2:
+
where the & B =15Gev L =732 Jm
signifies - leoss | | |
v or 7 and S AP -
BS
2 JAY
AVIEES am;; N —
/ o2F, A
A = V2Gpn, | -
By = |A+ Ayl ¥ SR
J = C.OS(913>< 1:— 03-_:1/2 5]_'112}0_:
sin 2612 X /Sin” 20,5 = 0.05 | :
Siﬂ2913x OUIIIIIIIIIBIIIISIIII4IIII5
sin 26093 |_Si“22913 <Plv, —> v,)> %

Minakata and Nunokawdep-ph/0108085
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Why is v, — v hard experimentally?

e We already know it's< 5% effect (CHOOZ)
e Unavoidable/, contamination oD (%)

o “Easy” to mistaker", 11, 7= for Electrons
Y v, U (lost)

7V production in

82,W
_—~_ _y NCandCC events
<V

e Today’s signal is tomorrow’s background

Vo T,T— ¢

\/ v Charged Current
8 Events
W Important for

/\

E, > T7GeV
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ldeas at Many Energies, and Baselines

Mode FE, WIN Am?L/2E  Program Detector
ve —1v, 02 W ~ /2 f-beam H,0Y
v, —v. 027 W ~ /2 CERNSPL H,0UY
v, — v, 0.8 N /2 J-PARCto SK Hy,0Y

v, —>1v. .8 W (3-35)m/2 CNGT Hy0 Y
ve >v, 09 W < 7/2 B-beam H0 Y4
v, v, 13 W (1-3)r/2 BNLLOI Hy0Y
H>0 Y
Vy = Ve 2 N m/2 NUMI-OA  Fine Grain
LAR TPC
vV, = Ve 2 N /2 CNGS™ ICARUS
ve > v, 10-20 W < 7/2 v Steel
Factory Scintillator
ve > vy 10-20 W << 71/2 v Emulsion-
Factory Lead

Red means matter effects are important
** modified from current optics,
from A.Rubbia, P.Salahep-ph/0207084
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Making Neutrino Beams

e Conventional Beam

PrOtOnS 'IT,K T[:K :(l"l) Vp_ ,%Ve
focus Let them Shielding

(maybe bend) decay

e Neutrino Factory
Protons |OwW energy 1t 2 ViV

collect, focus,  cool,accelerate  Shielding
decay decay

e Beta Beam

few%p He or <M_> o
e
focus accelerale decay Shleldlng

Events/parent at far detector:

’YmparentK 472

2 3
47TLd€t (1 T 72‘9Vparent)

N



Deborah Harris, From Megawatts to Kilotons: Accelerator-Based Oscillation ExperimentS

Strategies for Beam Optimization, |

e Narrow Band Beams
(J-PARC2K,NUMI-OA,CNGT)

— Good News: Backgrounds have broad
energy spectrum

— Bad News: Beam width is much narrower
than oscillation width

(D. Beavis et al., BNL No. 52459, April 1995)

~0.05¢
> C 15mrad
$0.04F
©0.03
S
»0.02
[
o
=0.01
a u
Or
—-0.01
-0.02
—0.03— — 6 GeV
B — 8GeV
—0.04 — 10 GeV
B — 12 GeVn
=O'05\\\\‘\\\\‘\ \ [y Levo b bovnn b o |

O 05 1 15 2 25 3 35 4 45
p,(longitudinal) (GeV)
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Strategies for Beam Optimization,

e Very Low Energy(CERN SPL,sBeams)
— Good News: Good Signhal Acceptance &
bkgd rejection
— Bad News: Cross Section is very small,
esp.v’s
e Very Long DistancéBNL2NUSL)

— Good News: matter effects amplify signal

— Good News: CP violating part increases
with L

— Bad News: have tKNOW v, background
VS energy
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Detector Optimization

But first, a reminder about neutrino interactions

Quasielastic Resonance DIS
Y IV | Vi |
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7V /Electron Discrimination at 2GeV

o LAr TPC (courtesy Andre Rubbla)

k 0.7GeV. QE
“* v.n—eipt sdE/d:Ij N
¢ £ . firstfew
Single-n = )? : I XO Can.
i | j/ ‘discriminate
W n—}p. A* —H.lpﬂu :

o PlastlclRPC (courtesy Adam Para)
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In Praise of Near Detectors

For all the following experiments:
Even w/o oscillations they will see. events!
Have to understand backgrounds well.

e Intrinsic v, — mostlyu™ — ver,e™ decays
— 1,CC events in near det. help
e Detector Mis-identification

— Quasi-elastic/Resonance Contamination
— neutral currentr” production

Current knowlege leaves much to be desired...

CC Single Pion Production CC Single Pion Production
& &

c [ = CERN-WA25, Allosio, Nucl. Phys. B343, 285 (1990),D, € - ®m CERN-WA25, Allasia, Nucl. Phys. B343, 285 (1990), D,
G 12 [ 4 ANL, Barish, Phys. Rev. D19, 2521 (1979), H,, D, O 1 | 4 ANL, Barish, Phys. Rev. D¥9, 2521 (1979), H,, D,
2 | ¥ ANL, Radecky, Phys. Rev. D25, 1161 (1982), H,, D, 8 - Y ANL, Radecky, Phys. Rey. D25, 1161 (1982), H,, D,

o L o BNL, Kitagaki, Phys. Rev. D34, 2554 (1986), D, o - 0 BNL, Kitagoki, Phys. Rév. D34, 2554 (1986), D,
I 1 | O SKAT, Grabosch, Z. Phys. C41, 527 (1989), CFBr Z - O SKAT, Grabosch, Z. Phys. C41, 527 (1989), CF,Br
~ r ~ 0.8
S +
c < —___ NUANCE total
S o8 < | T NUANGE resonbn
‘3 L — NUX (free nucleon [i P NUANCE nonrgsonan )
L NUANCE total (freé nucleon 0.6 - —— NEUGEN (freg nucleon)
/I\ .................... /I\ | ——NUX (free nugleon
06 L ... DUANCE NONresegnan
c L — NEUGEN (free Ap¢leon) c
Ny i So4ar L LT *
~— ~—
© 04 o
0.2
0.2 7SS0 I 0./ N
e Ll . AL Ll L
%0 | 10 R % 1 10 X
E, (Bev) E, (B2v)

Ref: Sam Zeller, NUINTOZ2, and here 1l hour!
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New v Experiment Fluxes

e J-PARC to Super Kamlokande

0

o
@

o
N

14
[

SuperKCQZ,Ski)  Fpies
toHyperK (1006

o
n

o
»

o
A

o
N

0.8MW 50GeV PS
@pproved)
to AMW.50GeV PS

b, 1,/0.046ev/10"POT/cm? at 205km

o

o

1 1 p— =
a 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

E, (GeV)
Itow et al, hep-ex/0106019
o NuMI Off Axis Experlment

iy : L{5)16,20 mrad £ 40 mrod

R 14fF Ro6E

S12p s 5

2
§ fetiontimd & b By
Energy (GeV) Energy (GeV)

for Am?=3x107eV?
el
4 5

6
Am?L/2E

D. Ayreset al, hep-ex\0210005
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Sensitivities
o 90% C.L. sensitivities
3 \
€ N
< | ¢ .
2 0.75MW p source
/,{"” \ 22.5kTon Super-K
\,\\}\ ~Y O5%V€/Vu
-3 Syear N \"\\\ . .
10" RN N sin® 26, ~ %sz 2013
----- 'I;;(‘p:/n - SN
CHOOZ excluded st ‘\\A\\
\:\:t
0" i
107 107 107" n226,0
- NuMI
0.4MW source
20kton
T ~  0.5%v,/v, Blue:
. Stat. only
< .
Green: ambig. & cor-
rel.
Lt. green: Syst.
1073 & ! |
1073 1072 107!

sin’203
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What can you learn from
J-PARC and NuMI-OA?

See mass hierarchy by comparifgr,.) with
(NuMI) and without (J-PARC) matter effects
Minakata, Nunokawa, Parkeep-ph/0301210

AB/6 (%) for positive and negati\LEmZ13
JHF neutrino vs. NuMI neutrino

E,.=06GeV T 75 E,.. = 0.6 GeV ]
Eyw =15GeV 1 Z7 o = 2.0 GeV ]

NuMlI

NuMI P(v, -v,) [%]

0 1 2 3 4 5 6
JHF P(v, -V, [%]
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Where the whole is greater than the
Sum of the Parts: NuMI and J-PARC

10—3 _

JHF-SK & NuMI@890km

CPviolation

Huber, Lindner, Winter
Nucl. Phys.B6542003
J-PARC:.8MW,  22.5KkT,
8yrs

NuMI:.4AMW,
17kton*.4effic., 7yrs
Am3, =3 x 1073eV?,

Or3 = /4

10°° L ‘ ‘ ‘ ‘
0 0.02 0.04 0.06 0.08 0.1
sin22613

Flawe 1 Barger, Marfatia, Whis-

T 1 nant,

o | hep-ph/0210428

I ] J-PARCHAMW,  22.5KT,
< 180 _ dm 21:?:18:5 — _
° 1107 - o) 8Yrs

T 1 NuMI:1.6MW, 50kt, 7 yrs

o 1 (assume .4 efficiency)

asE e E

S | Am3s =3 x 107%eV?,
0(.)0(-)01 - I(I).IOIOI IIIII 0;)1 )

sin?(26,5)



Deborah Harris, From Megawatts to Kilotons: Accelerator-Based Oscillation Experimer28

What happens next?

Megawatt Beamlines))(Megaton) detectors
e Upgrades to current program

— Upgraded J-PARC to Hyper-Kamiokande
— New Proton Driver at Fermilab+more mass

e Totally New ApproachesH,0 Yepeurosn)

— Brookhaven LOI£ > 2500kmI!!
hep-ph/0303081

450

w
o o
o o

N
o
o

Events/0.1GeV/1250(kTon-yr-MW)
& R 8
o o

i
a o
o o

CC QE eventrate, H ,0

ViV

BNL-HS: 2540km
sin’28,; = 0.8/1/0.04
Amy2 = 5e-5/2.6e-3 eV°
matter effects on

)
-y
i { * {{ 2914. /5724, CC OE events

********

L | |
000000000000
Neutrino energy (GeV)

Events/bin

100

80

60

40

20

‘\‘ BNL-HS 2540 km

sin?28, (12,23,13) = 0.8/1.0/0.06
Am,2 (21,32) = 6.0e-5/2.5¢-3 eV*
1MW 0.5 MT 5yr

__ CP135°: 652 evts
__ CP45°:514 evts
__ CP-45°: 368 evts

___ Backg.: 146 evts

T 7 T T T T

e L
000000000000
Reconstructed v Energy (GeV)

— CERN SPL-low energy beam, proton
target likev factory

— [ beams—radioactive isotopes, allor v,

» 11 Storage ringe — v, backgrounds a—*
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Summary of Sensitivities

Beam Mass Powerin’20,; d°  Matter
Name (kton) (MW) sens. Effect
OPERA 1.8 0.15 0.04 3
ICARUS 24 0.15 0.03 -
MINOS™ 5 0.4 0.05 -
CNGS™ 2.35 A5 ~ 0.02% >CP
J-PARC2SK 225 0.8 0.006 - -
NuMI-OA 50 0.4 0.004 - >CP

SJ-PARC2HK 450 4 ~0.001° 5] >200 <CP
SNUMI-OA 100 2 ~0.001° 135+20 >CP
BNL2NUSL 500 1 0.004 45+20 > &<

CP
CERN SPL 400 4 0.0016 90+30 <CP
£ Beam 400 .04 Tviol. <CP
v Factory 50 4  <107* 90+20 huge!

“atAm3, = 3 x 1073eV?,at90%C'L

b all evaluated at different regions of parameter space!
°M. Komatsu, P. Migliozzi, F. Terranovaep-ph/0210043
™ M.Diwan, M.Messier, B.Viren, L.Wai, NUMI-L-714

* Assume 5% systematic uncertainty!

**7 years, modified from current optics, from A.Rubbia,
P.Salahep-ph/0207084
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Conclusions

e Stay tuned for precision oscillation measurements!
— K2K — MINOS

— MiniBooNE — OPERA and ICARUS
e Two complementary near-term opportunties await us

— J-PARC to Super-K  — NuMI Off Axis

e Many more long-term ideas
— BNL LOI — B-beams

— CERN SPL — u Storage ring
— Upgrades to J-PARC and/or NuMI

e Need more than one Energy and Baseline...
— to get to CP violation and Mass Hierarchy
e Long-term Step depends on what near-term finds

— LSND?

— AtmosphericAm? 1.5 or 3.5x 107 3¢V ??
— SolarAm? big or huge?

— #13 Just around the corner?

e Not for the faint of heart, but
the rewards will be enormous!

Thanks to: Chris Walter, Fancesco Pietropaolo, Pasquale
Migliozzi, Sam Zeller, Dixon Bogert, Andre Rubbia
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Web Pages and other References
Used for This Talk

e MiniBooNE: http://www-boone.fnal.gov
e K2K: http://neutrino.kek.jp/
e MINOS: http://www-minos.fnal.gov

e OPERA: March 2003 presentation given to
LNGS Scientific Committee

e ICARUS: http://lwww.cern.ch/icarus and
CERN/SPSC talk

e J-PARC to Super-Kamiokande:
http://neutrino.kek.jp/jhfnu/

e NuMI Off Axis:
http://www-off-axis.fnal.gov

e Brookhaven LOI:
hep-ph/0303081 andhep-ex/0205040

e 3 Beams and CERN SPL:
see Nufact02 Talks, M. Mezzetto and P. Zucchelli,
verb+http://www.hep.ph.ic.ac.uk/NuFact02/+



Deborah Harris, From Megawatts to Kilotons: Accelerator-Based Oscillation Experimer3?

What about 63 at Reactors?

Neutrino or Antineutrino Disappearance Probability:
P(Ve — Ve) =1 — Psun Siﬂ2(A12) — Patm Siﬂ2(A23)
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See also M.Goodman, Venice 2003, Shaevitz, NOON2002



