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Flavor basis Mass Basis

v, v,

Ve Vl 0
V., =V, C0SO +V, Sind v(t)=e'Ety(0)
V,=-V; SinB +v, cosO

P(Ve—V,) = <vg(t)|v,(0)> = sin26cos26|e-'Ext-e-1E1t|2
= sSin2(20) sin%(1.27 Am-2L/E)
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v, v,
vl= Ulv.
\V; L)

— U7 3 angles, 1 CP-phase + (2 Majorana phases)
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e Based on 0;,, 05, 053

* P(ve-Vvy,) =sin?(2 6;3)sin?(0,3)sin?(Am-L/4E)

¢ P(v.-V,) =sin%(2 6,3)c0s?(0,3)sin?(Am?L/4E)

* P(v,-Vv;) =sin%(2 B8,3)cos*(8;3)sin?(Am-L/4E)

* P(v,-Ve) =sin?(2 8,3)sin?(8,3)sin?(Am-L/4E)

Ignoring the small Am?2 scale and CP violation
and matter effects.
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Why we still see 2n
analyses

e For atmospheric v’s,
- we can ignore m, compared to m;,
— C0S%0;3 ~ 1

 For solar v’s,

—the high Am?term (i.e. Om3?) are
multiplied by sin?6,;

— For P(v.-v,), 0,5 drops out because
cos?(0,3)+sin?%(0,3)=1

March 31, 2003 Maury Goodman, Argonne
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he truth about v’s

What we know:
Y’ By3v45%
Y AmZ,5~.002-.005 eV?
Y 81, ~30°LMA,
Y Am?2,,, ~7x107> eV?
Y sin?20,5 < 0.05
Y’ Everything except LSND fits 3 v framework

March 31, 2003 Maury Goodman, Argonne 7
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What we'd like to _s
kKnow
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See the dip in atmo v L/E distribution

Measure the whole solar v energy
spectrum.

Determine U.; (8;5)

Are CP violation effects Large?
— If so, what is the CP phase &?

Can we see t's in v, -V,?

Can we settle the LSND question?
Measure the absolute v masses?
Is the neutrino Majorana or Dirac?
Is the mass hierarchy normal?
Astrophysical sources of >TeV v’s?

March 31, 2003 Maury Goodman, Argonne 8
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What new neutrino
experiments will tell
us.

by Rodin

> See atmospheric L/E dip. 0l =Eaus

o e A
e

» Measure whole solar E, spectru
» Determine U,; (6453)

» Is CP violation large?
- If so, what is the CP phase &?

»See t'sinv,-v..
» Settle LSND. ,
» Measure absolute v masses. &
» Is the neutrino Majorana or Dirac?
» Is the mass hierarchy normal or inverse?
» Astrophysical sources of >TeV v’s?

March 31, 2003 Maury Goodman, Argonne 9
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What we’ll know

See dip in atmospheric v L/E distribution
Measure the Energy Spectrum of Solar v’'s.
Determine U.; (8;5)
Are CP violation effects Large?

v If so, what is the CP phase 8?

Can we see t's in v -V,?

Can we settle the LSND question?
Measure the absolute v masses?

Is the neutrino Majorana or Dirac?

Is the mass hierarchy normal or inverse?
Are there astrophysical sources of >TeV v’s?

SN KX

NN N NN
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New Accelerator
Experiments

Short-Baseline New Long-Baseline
> Mini-BooNE % From FNAL/BNL/CERN

Non-oscillation & KEK/J-PARC
2 NuMI on/off-axis # Conventional

; Booster #Super-beam
Particle Production® Neutrino Factory
J HARP # 3-beams

J MIPP

March 31, 2003 Maury Goodman, Argonne 12
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How Long is Long?

Definitions of “Long-Baseline”

(my use is for accelerator based experiments)

e Webster - (long - measuring much, or more
than usual, from end-to-end in space or time)

e Practical - Off site

o Useful (Beam) - The distance from the v source
to the detector is much greater than the length
of the decay pipe.

Obeam is a point source
e Useful (Physics) - L >> E /Am?
Oneutrinos have fully oscillated

March 31, 2003 Maury Goodman, Argonne 13
University of Michigan Seminar



Events
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d 12GeV PS@KEK
. N beam line

. Beam monitor
. Near detectors
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MINOS

A neutrino beam from
l[Ilinois to Minnesota

Lake %
Superior l

Lake
Michigan
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/ MINOS Service  Bldg .

Beam Absorber Access Tunnel

Target Shaft Area |

|- =I¢ ;I: :IA >
6001t 225ft 2,200ft 1,100ft
MINOS
Target Service Service Bldg .

Extraction Hall

Decay Tunnel
(21'6"D + 4 walkway)

Carrier Tunnel MINOS Hall Tunnel

(10' x 10')

MINOS Hall
(35'W x 32'H x 150'L)

Target Hall Muon Detectors

(25'W x 30-60'H x 175'L)
MINOS Near Detector

vy ooevents / kten / year / GeV

March 31, 2003
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MINQS far
detector

p.CC
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NuMI Status
(Witherell@P5)

Status of the NuMI Project

« Good progress on construction
— Tunnels and Halls contract
complete 11/22/02
— Surface Buildings and OQutfitting
contract work started 11/1/02
- 432/484 planes of MINOS far
detector installed and operating
— Cosmic ray studies underway
« Heading toward beam in early 2005

Zenith angle
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CC energy distributions — Ph2le, 10 kt.yr., sin’(28)=0.9

Am*=0.002 eV’ Am*=0.0035 eV? Am?=0.005 eV’
ol P iiianiaa Bid b i ol nagarasss Ph2le, 10 Kt. yr., 90% C.L

200 200 200 0,006 T T T
Y CT T tistien ond systemaic errors
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Alessondria
Manie-Magglorasca
Monte-Frato
Monte-Giovo

Toscona

CERN SPSto the Italian
Gran Sasso Laboratory

732 km

March 3 1, ZUU3 Maury Goodman, Argonne 20
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OPERA

The detector at Gran Sasso

(modular structure, three “supermodules”)
: e

spectrometer

Magnetised Iron Dipoles
& Drift tubes and RPCs

" brick .
" (56 Pb/Em. “cells™)

",
"

.Y

—1a
o ) ,’E\\\\W
= g" .

v, events
2 5 U |
target and decay detector uislesay | 5Am 3( ]20 .y 5)0 b8
E“‘;z:“p e”;“’:'“'e " - s brickwall /[ e 17 77 185 0.19
a sequence o “modules” consisting o
scintillator 13 57 13.8 0.13!
- a “wall” of Pb/emulsion “bricks” - strlps :: 1 49 0.25
- two planes of orthogonal scintillator strips K . s :
Total | 4.1 183 44.1 0.57
March 31 , 2003 Maury Gooaman, Argonne —a
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First Unit T600 +
Auxiliary
Equipment

Improved statistics for:

1.
2.
3.
4.
5.

Solar neutrinos
Atmospheric neutrinos
Supernova neutrinos
CERN-NGS neutrinos

Proton decay
viarcn s1, Zuus

University of Michigan Seminar

3 kiloton ICARUS 5
g

T1200 Unit T1200 Unit
(two T600 (two T600
superimposed) superimposed)

Future extension R
=~ /0 Metres to additional modules

T600: installed in LNGS in 2003
T3000: operational by summer 2006

Maury Goodman, Argonne 23



Measuring 6,5 (1)

4 P(v,-V,) =sin?(2 8,3)cos*(6,3)sin?(Am2L/4E)
~1.0

4 P(v,-Ve) =sin?(2 8;3)sin?(6,3)sin2(Am2L/4E)
<0.05

Ignoring matter effects, the small Am< scale and CP
violation

March 31, 2003 Maury Goodman, Argonne 24
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Measuring 6,5 (2)

h Measure v v, at the “atmospheric”
L/E
A Signature, electron appearance

A Backgrounds
O v.in the beam, (~1%, from Y, K*.5,
KOeB)
O efrom v, 1-¢€, (at high energy)

O showers which look like e’s, particularly
VN - VUNTO, TO- wW

March 31, 2003 Maury Goodman, Argonne
University of Michigan Seminar
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Measuring 0,5 (3)

& It would be nice to have a high
energy v, beam.

2 v, —v,would be a fairly background
free signature for 0,5.

=~ A Neutrino Factory or a Beta Beam
would be a way to do this, but they
are “futuristic”.

26
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T Experiment measures oscillation probability. It is not
unambiguously related to fundamental parameters,

0,5 or o.

T There are degeneracies with respect to matter
effects (sign of Am,,2), &, and uncertainties in Am,%
0,.,and 0,,

I At low values of sin?20,5; (~0.01), the uncertainty
could be as much as a factor of 4.

+ Optimize by a judicious choice of running time
between v and v, and choice of L and E,.

March 31, 2003 Maury Goodman, Argonne 27
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Bi-probability

ellipses
7[32I. I1I<m
- ~COSS | 1 Minakata and Nunokawa,
FSTOP 1 hep-ph/0108085
i . ]
e oL 5 —] Observables are:
A . 1 P
~° 3l ~sind O D
A P LA Vac ] Interpretation in terms of
li i ~ 1 sin“20,,, & and sign of
Ehf o SN\ —] Am?,, depends on the
V; - 5 /o 1 wvalue of these
Ny 4. i _1 parameters and on the
i z Sm/2 é6m® > 0 7 conditions of the
~/ sin” 20,3 = 0.05 | | 1 experiment: L and E
O 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | | |
. om0 1 2 3 4 5
sin®26,, <P(v, —> v)> %
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Consequence of
degeneracies

One set of measurements at some L,E
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Solutions

3 ]J-PARC 2Super-Kamiokande, Hyper-
Kamiokande

o3 BNL (Brookhaven) & SOUDAN/NUSEL/WIPP
o3 Fermilab (NuMI) Off-axis

March 31, 2003 Maury Goodman, Argonne 30
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NuMI Off-axis
Physics

o Off axis is lower flux,

reduced event rate  BERiem S SEi
,;.0.06_
e Narrow(er) band S I
beam, so lower nc e
background from 2 ool
“high energy tail” ::Q_
o

e Lower intrinisic v.'s at

the interesting energy | oo\

e Good sites near : —gGevr
Soudan are available | ™%t — e

e | etter-of-intent B
submitted to FNAL p.longitudinat) (Gev)

March 31, 2003
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Off-axis

Neutrino spectra for different decay angles

R

,y/

'lr//,,,,

1-3 GeV intense beams with well

defined energy in a cone around the

nominal beam direction

March 31, 2003
University of Michigan Seminar
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Off-AXis v

leads to a narrow band
beam

= \\_ B

'lr//,,,,

05 1 15 2 25 3 3B
nﬂmﬂudfml}{ﬂdﬂ
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Rates way down (already an obvious
significant issue in long-baseline v)

@ Backgrounds reduced
O v.in the beam mostly at higher energy
O efrom v, Nov. interactions below 4 GeV

O NC background not eliminated, but
since there is no high energy tail, it is
reduced.

March 31, 2003 Maury Goodman, Argonne 34
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NuMI Off-axis
Sites

LTV mine Sites in Canada

SMinn.

10km of f
N

March 31, 2003
University of Michigan Seminar
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8, in J-PARCV

“Also called HF2K, JHFv
AStart in 20087 0

D09 C.L. sensitivities

e o
— i 1 | KB 3 K,
= —+——+HH + +
E L 7
&Can push 6,5reach by 10 = T
4Can expand its reach 0 dif | LLLI'
when/if Super-K 22Hyper-K e A
i | .,
o> i '-t:ﬂ- il
a0 " |aHE pie gl };’:
— e b _E;:t X
—— mieg dcbhld [ 1T _
— | = Phched-1— E 1: .\-\"-:'L\-"'\-\_
-4 L T L riif I_ | IIIIIII -I I i ii--'nl:l
N 107 1w 107 sInf20 g .
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U line tunnel

T
E

(154 m wide at base) ™ 190 m
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CP-2540 km

P(v,—v,) with 45° CP phase

. 0
0.1 i P(v,—v,) with 0" CP phase
009 | sin26, = 0.811.0i0.04 "l
i Am,2 = 5.08-512.6-3 eV* 000 I E sin’20, = 0.8/1.010.04
0.08 ! with matter effects i Am,? = 5.0e-512.6e-3 eV*
B 0.08 1 with matter effects
007 o '
i R, ‘;-'H—‘ﬂu'e 0.07
2006 | ; SN
£ R ! 2006
T005 | z
D A © 0.05
2 I 2
I i
00 F & 0.04
] i
0.03 i ' 0.09
I II
00z 0.02
i i
oot 5 0.01
0 L 0
0 05 3 35 4 45 5
E, (GeV) E, (GeV)
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Is the surface ok
for off-axis?

v Consider NuMI off-axis (100x20x20m?3)
During the 1.2 ps beam spill there are
1.1 108 p/year
3.6 10° n/year
w2-20 2 GeV e signal events per year

Reduce background with
“*Fiducial cuts
s Pattern recognition
“Overburden
“*Active Veto
“Better Timing During Spill (bunch timing)

March 31, 2003 Maury Goodman, Argonne 40
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Detector choices

< Detector d —IT
possibilities L e Kot
¢ Water Cerenkov E“'"; e T —
¢ Steel/Scintillator "—5 e
I:I_‘. I

—

¢ Liquid Argon
¢ Plastic/RPC
n.b. 20 kilotons of

==-- IGARLIE =A% NG 1Y,

Aamurne Jlwyrt =G

T

n"28n Ercluchd at 30% CL

anything is likely to ; et
be expensive. R
r||:|"a L il AR ) M -
! 0 o e e polT
March 31, 2003 Maury Goodman, Argonne 41
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20 kiloton
containerized detector

RPC’s &
steel/plastic/H,0

$30M-$250M

mm l“ || || l
. ..h. C

March 31, 2003 Maury Goodman, Argonne 42
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phase rotation No.1
42 m1f
drift 160 m

phase rotation No.2

recirculator Linac
2 -8GeV

recirculator Linac
& -50GeV

neutrino beam

March 31, 2003
University of Michigan Seminar

v factory

proton driver

target

mini-cooling

3.5 m Hydrogen

cooling 80 m

Linac 2 GeV

storage ring

50 GeV 900 m circumference

neutrino beam

Maury Goodman, Argonne
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e Easier signature
(wrong sign
muon)

e Can run with pt
or Y-

e Push sin?46,, to 10

March 31, 2003
University of Michigan Seminar

Pl £ N, — )

N(7,
(=3

0.01

Maury Goodman, Argonne

Ee Tl

0,, at a v factory

\\\\\\\‘\\\\\

Wrong Sign Muon Measurements

E, =20 GeV
Solm‘ LMA
sin® 28,4 = 0.04
= 00026¥2 A

CP violalionT

4000

Matter jeffect

dm?<0

Stat. error for

1020 decays |

6000

Baseline (km)

8000

44
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5 Accelerate Heavy
ions which 3 decay

°He for v, 8Ne for v [ PZANNI Nt
ISOLDE heavy ion " -

accelerator, PS, SPS, " . N
+storage ring

e o

March 31, 2003 Maury Goodman, Argonne 45
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B

Acceleration

ISOL ECR Linac Accumulator

target source 20 MeV/u >~300 MeV/u
PS SPS Decay ring and
450 GeV/p bunch rotation*

—— “ /-
—*\
\\\\
=7/

"'/////,

Physics reference numbers:

65%Transmittance into the decay ring
=150 for ®He
Maury Goodman, Argonn
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Using Reactors for
e13
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A Reactors provide a
fairly steady flux of
1-10 MeV v’s

A Signal «1/L2

A Background Reduced
by overburden

A Experiments L>1km
underground

March 31, 2003
University of Michigan Seminar

Reactor v

b=

=

=
G
e N
—E//b\
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N

x 103}

4500

4000

5500

3000

2500

2000

1500

1000

Evis Spectrum

AA 7~ - | A
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Reactor search
for 8,,?7?

*Previous experiments limited by

3% uncertainty in reactor power. |AF

1.2
»All measure the same energy |_.::._._* . e e s e
spectrum. B oasl i \ 7
=Further detectors need more = e j'ﬁf‘
overburden to reduce R Y \

@ kKamLAND

backgrounds ool . . . .

a -
! 10~ 107

Distance to Reacton (m)

*Need 10-100 tons (not kilotons)
=Use 2 or 3 similar detectors KamLAND sees a 40% deficit/shape at 200k

2
=Need careful control of related to Am?),

systematics!!! Search for a 1-5% deficit/shape at ~1 Km
related to Am?,,
March 31, 2003 Maury Goodman, Argonne 49
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P(Vo-V,) =
- C0S*0,5 sin? 28,, sin?(Am?,, L/4E) «f
- sin? 20,5 sin2 (Am?_.., L/4

( Ig n O re S C P) [ Mu_e_bar survival fof/3 flavor os. a‘_g\n_l
(Ignores matter)

Survival Probablity

0.6

Se

| amd, =5%10°%; sin?(28,,) - 0.8
A mp, =3x107%; 5in’(28,,) = 0.1

L/E(km/MeV)

10™ 1 10

LIE (km{MeV)
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Detector Location

e Compare Shape test vs location; Am?,m,

2 Detector Shape Test (+ 1% systematic) |

Relative Chiz

4r
T sin2{2th) = 0.03; one detector fixed at Tkm
95 :_ dm? = 0,0015
B 0.002
ar
E 0.003
e - 0.0035
2
1.5
I8
0.5/

b 1 2 3 4 5 8 7
baseline (km)

March 31, 2003
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2 Detector Shape Test (statistics only) |

Relative Thiz2

3
[ dm2 = 0.0025; 5in?{2th) = 0.03 Fixed Detector:
B 100m
25 500m
2'_ 1500m
B 2000m
150
1'_
0.5
0 11 IIIIIIIIII|IIII|IIII|IIII
0 03 1 15 2 25 3 35 4 45 3
haseline (km)
Maury Goodman, Argonne 51
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Possible Sites?

Previous Reactor Experiments and new sites under consideration

Chooz France 1100 m 8.5 Gw 300 MWE 5 ton

Bugey France 40/95 m 5.6 Gw 16 MWE 1/0.5 ton

Palo Verde us 890 m 11.6 Gw 32 MWE 11.3 ton

KamLAND Japan 180 km 200 GW(26) | 2700 MWE 1000 ton

Krasnoyarsk | Russia 115/1000 m | ~1 GW 600 MWE 46t

Chooz-2 France 450/1100 m | 8.5 GW ?/300 MWE

Diablo Canon | US (Cal) (~1 km?) 6.1 600 MWE

Wolf Creek US (KS) (~1 km?) 3.2 GW

Boulby UK 25 km 3.1 GW 2860 MWE

Heilbronn Germany 19.5 km 6.4 GW 480 MWE

Kashiwasaki | Japan 1.7 km 24.3 GW 20 ton

Texono Taiwan (~2 km?) 4.1 GW(NP4)

IMB/Perry US(Ohio) 10 km 1.2 GW 1570 MWE

Reactor Location Detector L Power Overburden Detector M
March 31, 2003 Maury Goodman, Argonne 53
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Kr2DET

x Two 46 ton detectors at 115m,
1000m near Krasnoyarsk

x 900 8" pmts for 20% coverage

x 4200 events/day (near); 55/day
(far)

x Much of the city is at depth 600 MWE
- low backgrounds

x Reactor fuel cycle well understood

March 31, 2003 Maury Goodman, Argonne 54
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PMT type EMI 9350
Coverage - 20%, PMT Number - 842

Tubes for filling and
introducing radicactive
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* 1(1.78 Gw); 11(2.90Gw);
IV(4.1Gw) now 2006

e Road tunnels and
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Comparison of Possible Scenarios

(from M.

Example scenarios with 3 year data runs

50 ton far (near) detector at 1200m (150m)
One (or two) 3 GW reactors

Costs

Detector based on similar MiniBooMNE detector
Tunnel/hall cost estimates from NulMl engineer
Should add +50% contingency to cost

Costs

Shaevitz

Unit Cost ($M)
Dretector 5
Hall at 32ft 1

Hall at 300ft 2
Hall at G00ft 3
Tunnal&Halls at 32t 5
Tunn=l& Halls at 300m 15
Tunnal&Halls at G001 17

sin220,, @ Am?2 = 2. 5x10-3

Rel Norm Err 90% CL 3

Source Depth [mwe) Detector Events Far Background Cost (M) o
One 32 Fixed 54,000 101,000 0.008 12 0.056 0.132
Reactor Mowveable 57.000 91,000 0.0023 15 0.052 0.122
300 Fixed 54 000 10,1000 0.008 14 0.024 0.057
Moveahle 57.000 9100 0.0023 25 0.012 0.029
&S00 Fixed G4.000 5100 0.005 16 0.024 0.055
Moveable 57.000 4800 0.0023 27 0.011 0.027
Two 32 Fixed 128,000 110,000 0.003 12 0.040 0.093
Reactors Moveable 115,000 99,000 0.0016 15 0.033 0.077
300 Fixed 128,000 10,900 0.005 14 0.025 0.05%

Mowveable 115,000 9200 0.0016 25 0.013 0.031

&00 Fixed 128,000 5500 0.005 16 0.024 0.058

Moveable 115,000 4300 0.0016 27 0.011 0.025

o V4

March 31, 2003
University of Michigan Seminar
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Scale cost of Chooz
($10M) vs detector
size

10km, 1.0km, 0.7km
Stats only

Comparable to [1-6]
Shaevitz estimates

Looks promising

March 31, 2003
University of Michigan Seminar

Physics vs costs

SENS1TIVITY

cost versus physics

AL BRI
=
o
A
3
'e
N A1 Y
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Labs for
Underground
Neutrino Research
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. \
®Borexino ¥

®GNO «°

®OPERA ¥ B
ICARUS o*°
®MACRO
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50,000 ton water Cherenkov detector (22.5 kton fiducial volume)
' Optically separated INNER and OUTER detector

Kamland
Super-Kamiokande/K2K

March 31, 2003 Maury Goodman, Argonne 61
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Baksan

|_ocated in Caucausus Mountains

*Home to SAGE (Solar) and BUST (Atmospheric) experiments

March 31, 2003 Maury Goodman, Argonne 62
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Sudbury

d Sudbury Ontario Canada
d SNO will measure NC again

d New International Facility
for Underground Science

SNO v event

Maury Goodman, Argonne
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Soudan Underground«;"
Physics Laboratory “*

coms_ .~
= 'E'l'lz ‘SOUdanZdetector

Soudan 2 Cavern
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¢ Site of previous Iarge
p-decay detector

O POSSIble site for v
superbeam from
CERN SPL or 3-beam
from ISOLDE/SPL

March 31, 2003 Maury Goodman, Argonne 65
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n Carlsbad New
Mexico

n Possible site for

WIPP

©OMNIS
@©EXO
(®Majorana
/WIPP'sc,urralt experimental gallary
@©UNO - 910
<5 Z 1l H I
Lo, —
1 =
0
0 /
D Phasa 2 - 700m Exper imental Gallery
% with Gran Sassci ke cavities
March 31, 2003 LC 000000
| P—

University of Michir_

Waste Isolation Pilot Plant

Goodman, Argonne
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NUSEL

National Underground
Science and Engineering Lab

\\—
\\\‘\

"'/////,

A NUSEL collaboration
has submitted a
proposal to NSF

Areas of science focus (e.g., Bahcall Report®):

1. Solar vs 2
3. 4. Nucleon decay

9. Atmospheric vs 6. Long baseline vs

1. Supernova vs 8. Nuclear astrophysics

9. Geoscience 10. Materials development

1 12.
*http://int.phys.washington.edu/NUSL/

Maury Goodman, Argonne 67



NUSEL

> Homestake South Dakota
» Mine recently closed

> Political & scientific endorsements
» 12/02 NUFAC report “time is rlght

Froposed

Yates Eh aft it EEOO FEET
i 1T

Extension | —

(Frop-::sed new MUISL Ial:ns>

March 31, 2003

University of Michigan Seminar

Existing 7400' Level )

1 Muon flux vs overburden
] 3
& Proposed NUSL Homestake
107 = « Current Laboratories
1 MUSL - Homestake %\ WIFP
. (Shallow)
10 =
E N
-E-'-" 107 =
= 3
5 ]
:"_E. Gran Sasso
c
o
2 10
= MUSL - Homestaks "%, Baksan
(Chilorine)
Monl Blanc
e . Sudbury
3 MUSL - Homestake
NUSL - Homaslake
. {Deep Option)
10 = =
N EL 1 J.!Fe!h‘l
Depl?i meters water equivalent
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" Proposal for new laboratory with horizontal access

" Near Palm Springs California/Chino Canyon

" Submitted to NSF & DOE
" About $200M to construct

i 0 02 0% 100 m |

| Common
SPE

‘?'Slm Berngrding

-}'\.l |||
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University of Michigan Seminar

F E:
— _"; 1% 1 &
) ,E e
[] z
Refuge Room | & =
sump |

| i e

e o .l"“l lu:'Ll:- .:4‘:..

San Jacinto Underground Labratory Complex

Maury Goodman, Argonne
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Indian Neutrino
Observatory (INO)

» ~40 physicist from 12 20 . —
institutions '

> 2 sites being considered oo |
= PUSHEP (Pykara Ultimate cfimg
Stage Hydro Electric # B
Project)

= RAMMAM Hydro Electric
Project Site
» ICAL; 30 kiloton Iron/RPC
calorimeter

» Start with atmospheric, ol
then long-baseline "
(wrong sign muons) N Y

-0y 41,0612 i 0.0 (.04
Am’ eV

= -]

Mumber of 15 A2 kKT-yr

40 -
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Near Ooty Cosmic Ray
experiments in Tamil
Nadu

PUSHEP better rock

RAMMAM (Himalayas
near Darjeling) deeper

Physics & site proposals
for both sites being
developed (2003)

March 31, 2003
University of Michigan Seminar
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? The best way to find out more about
neutrinos may be to continue to pursue
proton decay.

7 Maybe we’ll also find that the proton
decays!

UNO

March 31, 2003 Maury Goodman, Argonne
University of Michigan Seminar
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Design

A Water Cherenkov Detector
optimized for:

= Light attenuation length limit
= PMT pressure limit

= Cost (built-in staging)

»
B60xB0x60mM3x3
" Total Vol: 650 kton

R "\ Fid. Vol: 440 kton (20xSuperK)
= Only optical # of 20" PMTs: 56,000
separation [ # of 8" PMTs: 14,900

March 31, 2003 Maury Goodman, Argonne 73
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NN

Nucleon decay
Atmospheric
Neutrinos

Super-beam /
+Beta-beam) Astrophysical
Neutrino sources
< Solar Neutrinos >

=> Multi-purpose detector with comprehensive physics programs for
astrophysics, nuclear physics and particle physics
=> Synergy between accelerator physics and non-accelerator physics

Supernova
eutrinos

Supernova
Relic Neutrinos
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UNO p-decay
sensitivity

et ml — -

IMB/Kamiokande —— vKY —ee o

—_—— e — -

SuperkK in 10 yrs

@n 10 yrs
t t i — t
11315ml ’11}“" '1ID~1‘2 1033 1024 1622 103 1037

— @ lifetimes in yrs

- 2 step-SO(10)

i fre=
—_———— g - —— - — = — -

Flipped SU(5) =

-
Split multiplets -
Fermion mass correlated I -
MSSM SO(10) - BPW ————
MSSM SO(10) - generic  _ __ = ==
Extra dimension at GUT scale - -
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[ N

MmSupernova
Reach 1 Mpc
(local group of
galaxies)

MRate 1/15 per
year?
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Galactic Supernova

(140,000 events [T
O
(UNO) 1600 F AL
. . - !
C) msecC tlmlng 1400 'lﬁ m, 1.8 eV
structure of the flux wop
>>>core collapse = ™| Beacom,
. Z 800 r Boyd &
mechanism ol Mezzacappa
() Observe birth of 00 2
Black hole 200 F o
| ST .lll .......... _T-.‘_TT_.'T‘T‘.—.'m—.—l—
001 0 00 002 003 004
t =ty [5]
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0

Super-Kamiakands Prid grenary

p-a't MC

EDU 400 600 800 10{]“ 121]1]
Invariant proton mass (MeVic’)

43% Signal efficiency
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atmvBG MC
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¥ 'ﬂ'!ll.ll.l.'l"f'im'-lll.'li.ullﬂl. Prelimitary
sty MC 1280 days data
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Partial Lifetime (years)
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Oscillations in 5/
Atmospheric L/E &

|Ratio of oscillated to expected vs Log(L/E) orar o= a1/ 18
Proposal Status P Lo
0 2001 White Paper % N T
0 2003 HEPAP/Orbach 5,
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7 years of UNO,
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n New underground v
experiments will answer
more questions

o Pursuing 8,5 will be
challenging and
rewarding

n Proton decay too!

n Neutrino physicists are
getting more passionate
in their pursuits.

“"The Experimentalist and the Theorist”
by Rodin
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Advertisement(s)

e Free monthly neutrino rumor newsletter --
~100 lines,

e send “subscribe” to maury.goodman@anl.gov or
see http://www.hep.anl.gov/ndk/longbnews/

 Neutrino Oscillation Industry Web Page
http://www.neutrinooscillation.org/
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