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3 Generation oscillations
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Oscillation nodes at 7/2,37/2,57/2, ... (7/2): Am? = 0.0025¢V2.
E =1GeV ., L = 494km . Solar : L~15000km



I Neutrino Oscillations Results
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Next Generation Experiments

- S - . 2 . —
» Increase sensitivity sin“20_, & 6, significantly
> precision measurements of Am® & sin“20_,

i i 2
» resolve mass hierarchy (sign of Am-, )

» sensitive to new physics

The heart of the 3 generation picture needs an
appearance experiment with L/E that includes effects
from both mass differences. This implies baseline >
2000 km

This performs all remaining physics in one project



BNL — Rocky Mounta¢ ._ ehj
natural geographical advantag

28 GeV protons. 1 MW beam power. Horn focussed
500 kT water Cherenkov detector stationed in a new DUSEL.
baseline > 2500 km. WIPP, Henderson, Homestake

We have proven by 3 years of work that this can be done.
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I Why Very Long Baseline?
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I Why Broadband Beam?

observe multiple nodes
extraction of oscillating v, =V, Oscillation
signal from background.
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larger energies

larger cross sections

less running time for 0.07
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Probability

v, —> v Vacuum Oscillations - VLBNO

L =2540 km

Peartn = 3-4 gm/cm3
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ve Probability

v, —> ve CP Phase Effects - VLBNO

L =2540 km Pearth = 3.4 gm/cm3
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1-2 MW Super Neutrino Beam at AGS

To Target Station
High Intensity Source &

plus RF(}

200 MeV Drift Tube Linac

BOOSTER

AGS
1.2 GeV — 28 GeV
(h4 s eyele time (2.5 Hz)

A

200 MeV

400 MeV

Superconducting Linacs
800 MeV

* BNL completed October 8, 2004, a Conceptual Design to support a
new proposal to DOE to upgrade the AGS to 1-2 MW target power
and construct the wide-band Super Neutrino Beam as listed in the
DOE’s “Facilities for the Future of Science” plan of November 2003



AGS 1MW proton beam

Upgrade AGS (28
e

intensity: 7.10™ = 9.10™ ppp
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rep. rate: ~0.3Hz = 2.5Hz

y

1) ramp time: ~1.2s = 0.2s
repl. power supply, rf, ...

2) filling time: 0.6s = 1ms
replace booster:

extend warm linac 200 MeV
new SC linac 1 GeV

3) Work continues to goto 1.5 or
2 MW.

4) Experimental work on 1 MW
carbon-carbon target.



Detector

e 500 KT fiducial mass for both proton decay and
neutrino astro-physics and neutrino beam physics.

e ~10% energy resolution on quasielastic events.

® muon/electron separation at <1% Previous issues

e 1,2,3 track event separation. == being solved
e Showering NC event rejection at factor of ~20.

e | ow threshold (~5 MeV) for solar and supernova
physics.

e Time resolution ~few ns for pattern recognition and
background rejection.

Water Cherenkov can satisfy these requirements
Not magic. Performance is obtained by giving up large fraction of

potential signal CC events; and using the kinematics of NC events.



vV, disappearance

neutrino running:

1MW beam :
0.5Mt water Cerenkov det.
2540km distance

5e7s running time
~50000 tot CC events

determine Am?__
& sin“26_,to 1%
systematics dominated

E‘i ents/hin

anti-neutrino running:

same as v but with
2MW beam
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BMNL-HS 2540 km
sin“26,, = 1.0
Ant' = 2.5e-3 eV*
L MW, 0.5 MT, 567 sec
— No oscillations: 13290 evts

: h With oscillations: 6538 evis

Background: 1211 evis

{ 3 8 £ £ & 1§ § .8 1b
Reconstructed v Energy (GeV)

e CPT test possible

including anti-v running: ; grors below 1% achievable



Complete water Cherenkov detector simulations progress
v, CC for signal ; all v .. NC, v, beam for background

uw,t,e
» Am?, =7.3 x 10-3eV?, Am?, =2.5 x 10" 3¢ V? = 5in’26,(12,23,13)=0.86/1.0/0.04, 8 ,=+45,+135,-45,-135°

500 D 410026 60 | D 400025

r Entries 4210 | Entries 25002
Mean 1271. | Mean 2559.
RMS 1133. L RMS 1834.
UDFLW 0.000 50 |- UDFLW 0.000
OVFLW 0.9005 OVFLW 0.1529E-01

450 —
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300 |- CP 45 o CP 45
v, background 57
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20 I v, background 127 :

150 Signal 700 2 :

: Signal 321
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0 m L P 0 T T T S e e W TS
) Reconstructed energy MeV ' " " I{gocoonstrusgg(:ad enell'(g? MeV
Perform analysis of single
Select single ring events and electron pattern, likelihood cut
select electrons retaining ~50% of signal.

Signal/backg = 700/2005 === Signal/back = 321/169

C. Yanagisawa (Stony Brook), 3™ BNL/UCLA workshop
http://www.physics.ucla.edu/hep/proton/proton2005.htm



Maximum Likelihood Method

« Effect of cut on likelihood e CC for signal ; all Vire
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vV, Appearance

backgrounds:
e beam v

e NC v
u

neutrino running:

measure sin226r13 and &

for sin°26_, > 0.01
resolve mass hierarchy

Include anti-neutrino run:
exclude sin22e913 > 0.003
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BNL-HS 2540 km
sin”20, (12,23,13) = 0.86/1.0,0.04
Am 2 (21 32) = 7.3e-52.50-3 e\
1 MW, 0.5 MT, 567 sec

___ CP135°: 591 avis

CP 45": 449 evis

.. CP-45": 300 avis
Tot Backg.: 146 evis

.. v, Backg.: 70 evts

1 2 3 4- 5 6 7 8 @9 10
Reconstructed v Energy (GeV)

if sin“20 .00 small » & measurement not possible

observation V_appearance possible through solar term



‘I'Tue value ot ocp |deg]|

Resolution of mass hierarchy (preliminary work)

at | and 2 sigma.
Patrick Huber, UWis
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® As parameters improve this plot gets better.
® Entire range of delta is covered.



Oycp (deg.)
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Complete resolution of mass hierarchy after anti-

neutrino running and excellent resolution on delta-
CP



What if Thetal 3 is 0 ? Will still see appearance !

v. APPEARANCE ©,, Ambiguity resolution
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Figure 8: Erpected spectrum of electron neutrinos (left) for 813 = 0 and other
assumed parameters indicated in the figure. The right hand side shows the reso-
lution of the 833 — /2 —83 ambiguity using the measurement ﬂfsing 2054 from
disappearance and assuming a 10% measurement of ﬂxmgl from KAMLAND.
The area between the curves is allowed by the appearance spectrum (left) for
foa = 357,



Scientific Reach of Future Neutrino Oscillations Exps.

Parameter T2K T2H Reactor Nova Nova2 VLBNO.
Am,,? +4% +4% - +2% +2%
sin2(20,,) +1.5% +0.4% - £04% G02% 0.5 %
sin?(20,,) 2 >0.02 >0.01 >0.01 >0.01 >o 01
Am,,? sin(20,,) P - - - -
sign of (Am,,?) © - i S possible yes

measure d¢p ° . ~vihge  Bothresults needed fo Z50°-
i _resolve amb|gumes' _______________________ @
N-decay galn X1 ........ TP PA MRS wo
1 5

Detector (Ktons) 50 1000 20t 30 30+50

Beam Power (MW) 0.74 4.0 14000 0.4

Baseline (km) 295¢ 295¢ 1 810 810 e
Detector Cost ($M) exists ~1000 20 165 +200

Beam Cost ($M) exists 500 exists 50 1000 400
Ops. Cost ($M/10 yrs) 500 700 50 500 600 150/500 f

2 detection of v, — v, , upper limit on or determination of sin?(26,,)
b detection of v, —> V. appearance, even if sin?(20,,) = 0; determine 6,, angle ambiguity

S
eV
€ detection of the matter enhancement effect over the entire d., angle range 39\6

d measure the CP-violation phase dcp in the lepton sector; Nova2 depends on T2K2 ©

¢ beam is ‘off-axis’ from 0-degree target direction; fwith/without RHIC operations

’ Office of
NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY




Comments on Neutrino Oscillations Experiments

» All parameters of neutrino oscillation can be measured in one experiment

- a Very Long Baseline Neutrino Oscillation (VLENOQ) at >2000 km

- the cost of VLENO is comparable to (or less than) competing proposals
- the mass of the VLENO target enables a powerful Nucleon Decay search

* Use of a broadband neutrino beam at very long distances is the key

-Oscillatory signal very important for extracting signal from
background and measuring parameter without systematics.

* Focus on CP because The CP-violation parameter is the most difficult
parameter to determine

- matter effects interact with CP-violation effects
- the CP-violation phase 8., has distinct effects over the full 360° range

» Off-axis beam method requires multiple distances and detectors to get
same science.

- each step in offaxis will require of order 10 Snomass years of running

» All measured oscillation parameters will be limited to ~1% precision by
systematic errors except sin?(26,5)

Office of . .
r: -4 Science T. Kirk/ M. Diwan EROOKHFEVEN

Apnl 22, 2005 NATIONAL LABORATORY

ULE, BNTPARTMENT OF FNENGY



Conclusions

Powerful method for neutrino oscillations and CP
violation study.

We have made great progress on many technical
Issues.

Important work performed on detector
background issue.

Lowest risk most cost effective option for a long
baseline second generation experiment.

GUARANTEED TO SEE CONVERSION OF
MUON TO ELECTRON TYPE NEUTRINOS
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