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Outline

e Intro—whatdo we know, whatdo we wantto know?
e v beamchoices

e DetectorChoices

e FromProbabllitiesto Mixing Angles

e Cornventionaly BeamProposals

— Broadband,narrov band
— First Maximum, SecondViaximum
— CombiningCorventionalExperiments

e v Factory

— Ultimatereachin sin® 2613
— Combiningr factorymeasurements
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From Discovery to Confirmation:
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From Confirmation to a Framework...

While MINOS andmoreKamLAND andSNO datatake usfrom
cofirmationto precision framavork is beingdeveloped...

Vo V, | Produce Weak

y _ U v, Eigenstate... Propage Mas
v Detect Weak Ejgenstate
V. Va Eigenstate...

If Sij = sin 92']', Cjj = COS (92']', then
J

I 0 0 C13 0 Slgei c1o9 S19 0
U=|0 co3 593 0 I 0 —S819 c19 0
0 — 8593 (€93 —5136_25 0 C13 0 0 1
\
Vo «<——
e Vu
U= at _
atmospheric

Am?



DeborahHarris, NeutrinoFactory PhysicsUpdate

613 and . Mor e than just an angleand phase...

e Are Neutrino Massesn the “wr ong” order?
V e Vv ;

: ’ Changes,
W+ oscillation
_ robabilit
€ \A e v P | 4
e Wolfenstein,
Coherent Elastic Phys. Rev. D17 (1978)
Scattering:V, V, only!
P(vy — ve) + P(vy, — Ue) e 3 e D
2E1/ [ 1 2
Eé% solar} T 1 - — 2
norma inverte
A7natm

b= 2\/§GFpe ~ 11GeV from MenaandParke,hep- ph/ 0312131
e CP violation — This could be what brings usall here...
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Designinga Neutrino Experiment

o currentdesignspin down (or eliminating) Am?
e Next generationDiscovery of anon-zerdd
e from discovery to confirmationto precision...
— Py, — ve) = A+ sin? 2013 & B4 sinfy3sinod + ...
— CPViolation without mattereffects:
P(vy, = ve) — Py, — ve) Am?2 ;L sin
P(V,u — Ve) + P(p,u — Ue) E  sinfq3
— Matter effectswithout CP violation:
Becauseearthis filled with electrons...
P(vy —ve) — P(vy — )  2E,
Py, = ve) + Py, — ve)  Ep
Am?

Ep = awm 5 11GeV
i 2V2G ppe

for low E},
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Neutrino BeamChoices

e CorventionalBeam

Protons K ,K, (1) v, e Y% e u
= focus> Let theﬁ % 1 over 1
(maybe bend)  gecay Shielding ,_ 2= ¢ o—_q
e BetaBeam
feW% He or He o)r Ne _e Yy
focus, accelergte decay Shielding 4/ ™

e NeutrinoFactory
Protons 0w energyrt K = V Vv - v +

\Y)
— = ( )%” c g ! g
collect, focus, coolaccelerate Shielding w  over w

Events/parenat far detector:

/Vmpa’rentK 4dry

N L 2 3
A det ( + ez/parent)
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Why is v, — v hard? It' sthe Detector..

e We alreadyknow it's < 5% effect (CHOOZ)
e Unavoidabler, contaminatiorof O(%)
o Canmistale 7°, i, 7 for e~

Why is ve — v, hard? It' sthe Beamline...

e Haveto malke a v factoryor g-beam

Why is v, — v+ hard? Beamlineand Detector
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Detector Choices: Water Cereknov

Super-Kamlokande Super-Kamiokande ‘.
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CourtesyMark Messier
Extremelygoodseparatiorfor SingleParticle Events

v Quasielastinegy Reconstructionvorksvery well...

mNEg—m%/Q

E, =
my — Ey + pecosd

But this equationfails for inelasticprocessesenterbackgrounds...
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Detector Choices: Fine-Grained Calorimetry

X 0]
in Tried andTrue Technology
- 1/3 X samplingcalorimeter
BT Hit counting:
o(E)/E =12 — 15% 2GeV
)\ INT
2GeVv. ChagedCurrent NeutralCurrentBackground.

. 10 M08 et 400 S0 B 7O 1560

100 100

5n Sh

—100 =100
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few x10~3 NC rejectionwith 35-40%signalacceptancat2GeV
RemainingbackgroundsCC andNC 7" production
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Detector Choices:LAr TPC

0.7GeV, QE

g . 'ven—>e¥p -
Single-n
- ; 0
v, N—>p A" —>upm

300
! Single electrons vs Dalitz pairs .
20 g dectons PerSm ExcellentPID andenegy reconstruction
§ e Ref: ICANOE proposalLNGS P21/99
S 200 >99% with Egep > 1MeV
- / and
i www. aqui la.infn.it/icarus/
=100 EventscourtesyA. Rubbia
s By far the smallest detectosrelated
ol Pt backgroundsiere,but... by far the most
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Energy deposited (MeV) technicallychallengingdetector
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Emulsion Detectorsfor 7 Appearance

The Emulsion Cloud Chamber (ECC)

e What if MiniBooNE Confirms

LSND??
e Whataboutmeasuring,, — v, ?
e OPERADesiIgn:
Pb-EmulsionSandwich
T, EmU1Siiﬂ layers  Event reconstruction with an ECC
track segments E
o Performanceneasuredn f | 5
e~ testbeamat CERN S '
o Wantto testthis B e

In kKnown v beamtoo!
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In Praiseof Near Detectors

If youcant remove all thebackgrounds...
e measurehempreciselyin aneardetector
e understangbrocessewvell enoughto make far detectormprediction

MINERvA Event (side view, active detector) _

Oneexample:
MINER7A in NuMI/MINOS
joint Nuclear/Rrticle projectto

e measurerosssections [ E

e validatemodelsbasedn
nuclearphysicsdata
(e.g.JLabCLAS, Hall C)

http://
WWW. pas. rochester. edu
/ m nerva

I

CorventionalBeamlineswill requirebetterknowlegeof crosssections...theagain
sodoesnuclearphysics...




DeborahHarris, NeutrinoFactory PhysicsUpdate

14

Getting to 03 in 3 generations...P(v, — ve) = X;j—1 4F;

A\ ., BLL
P, = sin®fy3sin” 204 ( 313) sin? ; atmospheric part
+
Ap\? ., AL
Py = cos® 0380 2015 (;) sin? - solar part
A A AL . AL . B.L
P3; = Jcoso ( 22) (Bl?’) COS 123 sin 5 T interference
+
A A AL . AL . B.L
P, = FJsind ( 22) ( 313) sin —2™ gin > sin — = interference
+
where L
A — Amfj = N
(¥ 2E|V l>TCIJ , \
A = \/§GFne = Am<<0 O
Bi — ‘A:EA13| - q/qc,zx\(/b vacuum

J = cos 913 sSIn 2(912 sSIn 2(913 sSIn 2923

andthe & signifiesneutrinosor antineutrinos

X/ R
Qn

o 1 2 3 4 5

P(V,— V)%
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Scalesof sin® 26015

— — -2 — _
107+ 3x102 10 10° 10°
. MINOS | Conventiona
Finding and Phase |

613/2 0 CNGS Superbeam:

JJ

Combinationp

_M aSS  |of conventiond|
Hierarchy| phase | SB’$
EVidenceCombinations

of conventiond|
for€P Phase | SB’g
Beam PeakEnegy Mass Power sin26;53 6° Matter
Name (GeV) Detector (kton) (MW) sens’ Effect
OPERA 17 Pb-Emulsion 1.8 0.15 0.04 -
ICARUS 17 LAr TPC 24 0.15 0.03 -
MINOS 3.5 Steel-Scint. 5 0.4 0.05 -
T2K A H,OU4 225 08 0.006 - -
NOvA 2 Wood-Scint. 50 0.4 0.004 - >CP

Phasd SuperbeanCombinations:
Minakata,Nunokava, Parke, 2002:Huber Lindner Winter, 2002
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What canyou learn from T2K and NOvA?

30
~ 20 CPviolation
‘% Winter, Huber Lindner
O Ref: Nucl. Phys. F654
g LMA- 2003
>
— 10 With someregions
NE‘H“ f of parametespace
g 7 we mightjustsee
6 LMA -I hint of CP-violation
5 i
4

0 0.02 004 0.06 0.08 0.1
sin22913
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Scalesof sin? 26;3, continued

1 3
10 3x10 10 10 10

Convention
Superbeam
Phase |

Finding | MINOS &
8,0 | CNGS

Combination
Mass of Phase |
Hierarchy| superbeam

- Combination
Eviden
dence of Phase |

for€pP Superbeam

Beam PeakEnegy Mass Power sin?20;5 6°  Matter
Name (GeV) Detector (kton) (MW) sens: Effect
T2HK 7 H,O4 450 4 0.001 (5]>200 <CP
SuperNOvA 2 Wood-Scint. 50+50 2 0.001 135+20 >CP
BNL2NUSL 1 HOY 500 1 0.004 45+20 > & <
CP
CERNSPL+3 25 H,OUY4 400 4 0.0016 9%0+3 <CP

Phasdl combinationsBarger, Marfatia, Whisnant2002
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Running at SecondOscillation Maximum

ImagineNOvA and/orT2K measures’ (v, — v,) = 0.02...

sin?(26,,) vs. P(v,) for P(v_) = 0.02

o 01 - L =710 km, 9 km off
S - Am,2=2.510% eV?
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- /,‘ l.
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0.03 i Sl
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Maybemasshierarcly canbe
determinedmaybenot...
Now imagineit cant...

15t max: CP ~ Matter
27 max:

CP —- 3xCP

Matter — Fopg/FE1g

Sin%(20,3) VS. Poiq max(Ve) fOr P(vg) = 0.02

2 01
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»n B AN
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r .
0.05 [
004} 0 35=0
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G.FeldmanHEPAP meeting

Pond max("e)
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BNL LOI v, Appearance

i J( sin®20; (12,23,13) = 0.8/1.0/0.06
i J( Am;2 (21,32) = 6.0e-5/2.5e-3 eV?

Events/bin
|_\
(@]
o

1 MW 0.5 MT 5yr

(o0}
o

60 | Jf __ CP 135°: 652 evts
[ Jf Jr __CP 45° 514 evts

20 | Jr __ CP -45° 368 evts
I Backg.: 146 evts
20 : +|

0 1 3 4 5 7 8 9 10
Reconstructed v Energy (GeV)

Regular hierarchy vv and Antivv running

RIS G- G el
e INCICR @)
100~ as
a SO_Q DT D DY
O 0rH CDy =Ry oy
7 sl OO
_10(}5 (D (D o
NN <1
10 A L ]
0 0.04 0.08 0.12
.
sin 2913

again, ONLY 1-ring eventsin detectoy68% CL limits, differenttestpoints
5 yearsy running

5 yearsv running

similar for otherhierarcly
Diwan,1/30/04APS Studymeeting

includer backgrounds
CP violation effectshugeat
secondoscillation maximum...
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£ and Conventional Beamsat CERN

e Ability to seemaximalCP violation:

c 45
(&) -
g 4l __spLy, e Cross-Checlof Frameavork
0 35 | —SPLv, — v, — v, ando, — 1,
> - -
E ——Betav, (He) — v, — Ve andy, — 7,
o5 | Betav, (Ne') o
! e addedprecision...
“F by includingall measurements
1.5 ]
.- 150
os b 100
0 ;\ | I R R R /N 502
0 0.4 0.6 0.8 1 _ - ;
E, (Gev) WO _50//7 1
Corventionallon production& ~100 | |
accelerationusesameH,0O 4 150 \N)) =
[ | Lo | |

detectornn Frejus 1 05 | 1 2 | 34 5 | 6 (x102
Runv,(Ne'®) andi,(He®) sin22913
In separatdunchesusingtiming

e 1° meansin?20- = 1.2 x 1073
to distinguishbeams ML 2b13

Ref: M. Mezzetto NuFact03
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Why Is v — v, at av Factory Easy?

 Neutrinos/MWprotonpower cf corventionalbeamsx (E,/15)?
e No Intrinsicv, in thebeamonly v,’s

o Chageof Muon easierto measurehane/7" separation

e DetectorTechnologystraightforvard (seeMINOS)

e Backgroundsit < 10~* level, notfew x10~*

— V V
: +
INNE R (€)=
.- D Momentumcuton muon
RN N easilyremoves
backgrounds

momentum cut (GeV)
Ceneraet al, Nucl.PhysB57917,2000
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Scalesof sin? 2613

_ _ _ -3 _
10 1 3102 10 2 10 10°

Finaing | wios & | Somenion

68,70 | CNGS Phase |

ICombination

Mass of Phase |
Hierarchy Superbeam

- Combination
Evidence of Phase |

forep Superbeam

SuperbeamvyFactcombo:Burguet-Castelét al, 2002

vFactorywith 7 ID: Donini, Meloni, Migliozzi,2002; Autiero et al, 2003

v Factory“magic baseline”:Lipari, 2000;Burguet-Castell2001;Barmger, Marfa-
tia, Whisnant,2002;Huber Lindner, 2002;HuberandWinter, 2003,Asratyanet
al, 2003
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Ultimate v Factory Reach

P . .on
Sensitivity reach in sin“283

e Lots of work donein past

. bl
sin” 263

3000 km+

e apologiedor notshaving it

sgnfAm3|)

3000 km
e New  Studies: “magic  baselines CP viol.
sin Y26l — () for exampleY26rnel — o 20,
L ~/ 7250/€m cen(m?) 7500 km+

. 7500 km
only P, remainsof P, throughP, No sensifivity!| CP viol.

Asymmetryis closeto 1 in this case:
seeingy,, — v, atthis L gives

613 andmasshierarcly!

Huber Winter Phys.Rer.D68 2003 T

. ]
sin” 26

sin® 20,7
7500 km+
3000 km

sgn{Am3;)

CP viol.
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Combining v Factory and ...

\6150 ~ Xﬁ@ L NF—golden (2810 km) + SPL-SB

100 |- 100 7 W TRUE

ol | Gettingto ultimate

| M precisionmeans

1 0 combining data from

bt e SeVeralchannels:
A 5(%) A5(%)

e c e Wrong-signmuons

100 7 TRUE 100 7 ® 7, -
ol ol e CorventionalBeams
di T hep- ph/ 0310014

=50 - =50 —
—100 NF—golden (2810 km)+ silver (732 km) —100 NF—golden (2810 km)+silver (732 km) + SPL+SB
—150 — -150 —
L L L L L L L . L L L L L L L
2 1.5 1 0.5 0 0.5 1 1.5 2 -2 1.5 1 0.5 0 0.5 1 1.5 2

19,5 7 ‘ 29,()
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Summary of Sensitvities

Beam Mass Pawer sin®26;3 5 Matter
Name (kton) (MW) sens! Effect Comparisorof Fluxes
OPERA 1.8 0.15 0.04 -
ICARUS? 2.4 0.15 0.03 - perrl\]/legaWatt _
MINOS™ 5 0.4 0.05 i o ateac experlment.
CNGS* 235 .15 ~0.02* >CP 5 | — CERN SPL
£ — J—PARC 2°
T2K 225 0.8 0.006 - - 5 — NuM! 15 mrad
NOvA 50 0.4 0.004 - >CP o - 1, Fact/3
T2HK 450 4 ~0.001° |5 >20° <CP =
SuperNOvA 100 2  ~0.001° 135+20 >CP <
BNL2NUSL 500 1  0.004 45+20 >&< <
CP o
CERNSPL 400 4 0.0016 90+30 <CP =
3 Beam 400 .04 Tviol. <CP &
v Factory 50 4  <10* 90420 huge! |
TatAml, — 3 x 10 %eV2%,at0%C L o 1 =

b all evaluatedat differentregionsof parametespace!

¢ KomatsuMigliozzi, Terranwa J.Plys.G29443,2003™

Diwan,Messier Viren, L.Wai, NUMI-L-714
¥ Assumeb% systematiaincertainty!
“*modified,Rubbia,Sala,hep- ph/ 0207084

10
Neutrino Energy (GeV)

Note v Factoryflux

dividedby 3
to fit on graph!
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Conclusions

Our understanding of the reachof conventional v beamhasevolved...
e Narrov bandbeamgq“Off Axis”) meanlower backgroundsut...
e Goingfrom Probabilitieso Mixing anglesnottrivial
e Broadbandbeamgq CERN,BNL) requireMTon detectordor physics

— Making PMT’s takestime
— Evenif wateris cheapMTon andMWattsareexpensve unitsto work in

e if 015 Isright aroundthe cornercorventionalbeamamay getus partly there
But the PhysicsCasefor a v Factory is alive and well:

e v events/MWprotonpower still o< (E£,/10)? cf corventionalbeams

e For precisionmeasurementsyanta precisionmachine!

— DetectorTechnologyfor wrongsignmuonappearanceell-understood
— Flux, crosssectionuncertaintiestill low

e Needto studymary channeldor realtestof the framawork...
e sin? 26,5 and masshierarchy reachstill 100 x corventional beams...



