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July 29, 2000

* Theoretically, it is natural to expect neutrinos to have mass
— Not required to be massless by any symmetry such as gauge invariance
— All other fermions are massive

* Neutrinos can have Dirac (M) and/or Majorana (M,,) mass terms
~  See-saw mechanism

* 4-state Dirac neutrino with mass M, (~m_orm,) gets split into two
2-state Majorana neutrinos (v, N)

* Lepton number violation!

m, = " &m = small m, =M, =large

* Direct measurements can probe masses above ~leV

* Only neutrino oscillations can probe m < | eV
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LSND Experiment at LANL

*  Neutrino source from stopped nt*s o
in the proton beam stop. ®
—  ImA, 800 MeV protons €
~ Cerenkov detector: <
167 tons @ 30 m
n* decay chain gives no
<E > =40 MeV
- Look for —w +p—onte
“Decay-at-rest” Analysis (v's from beamstop)
stopped s Iy, pu” " g
<3 e Uy ¥, Yo 7 Ve
Excess: _WMW +21.2+12.0| events

“Decay-m-flight” Analysis (stop + upstream targets)

H_w L.vn\h..t.. n\ﬂ. .wu\m.

Excess: _ﬂwmﬂ ks IQ_

events

Decay —in-Flight]
1983-35
Dark Blus 907 |
w0
LSND
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Light Blue 20%
Yellow, 997%
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beam excess events

LLSND Excess v, Events

.ﬁ._._m.ux!
Osaka
July 29 200x)

Excess v_ events have
much higher energy than
backgrounds
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o LSND Puzzle Osaka

* Are wewiessing V, —V,
oscillatons”

« neutrino CCFR. Nomad. and

Bugey exps. rule out high and low

Am? region

» Karmen experiment :
Sees no indication of oscillation
but is not incompatible:
~ Expected 8 events

~ Observed 7.8 + 0.5 events

ﬂ Need decisive experiment to check

LSND result and measure parameters
if oscillations = MiniBooNE

 Blue is LSND
. 90% Conf,
~ Yellow, 99%

=1
L1

i i - W0

sin"2¢
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f_m ¢ MiniBooNE Acziﬁb Experiment at Fermilab _.._ww.__ﬁ., <

* Use protons from the 8 GeV booster
=> Neutrino Beam <E >~ | GeV

L

* Detector

— 12 m sphere filled with mineral
oil and PMTs

- Located at 500m from neutrino
SOUrce.

— ~1000 event signal if LSND 1s
verified
~ Expected significance 15 -44 ¢

— It signal observed, add second
detector at appropnate distance
(MiniBooNE — BooNE Exp.)
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fn_ Particle Identification in the MiniBOONE Experiment ok,
July 29. 2600
Cerenkov Light...
From side M_m_.:m

scattering

electrons: _._.ﬂ“-ut-”..r... Fuzzy

o Wy .

brerins. = 'lilll =

: 205050, Sharp Outer
“H“Mmh.unr. % nhnmmum. i Ring with

slows down s, Fuzzy
mgﬂﬂﬂoh Inner
Region
Cl ”lrl a5 ®

E] L _ﬂ
neutral pions: —— -.w-u!- *  Two
2 electron-like ™53 " J.-I-.. ...“-ﬂ Fuzzy

tracks
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MiniBooNE Rates and Sensitivity Osaka
Hawwe.mi:_

* Expected events/yr
~ 500,000 v, CC quasi-elastic
- 1275 v, from p decays
— 425 v, from K decays

C
* Decisive investigation of LSND
region

— LSND — >50 signal in
MiniBooNE

— Osc. signal has different energy
than intrinsic v,

~  Expenmental determinations of all
backgrounds.

sin‘2f8
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MiniBooNE: Oscillation Parameter Measurements 0w
July 29, 2000
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Judy 29, 2000

T ¢ Results from Super-K Experiment ICHEP2000

i e v, flux reduced by about 50% for long
e .
06 - flight path
T | ] if it is a result of the neutrino
: 5 il » | 120 ! s : .
mi B = oscillations, then :
9 | ®t — the dominant mode is numu to nutau
. H _. — mixing angle is very large
I8 — ——— Stamdord i ' 5 -3 2 —3 2
| 20 — Am’: L3x107 < Am <8x107 GeV
'y & 1 -
T e Is this deficit due to oscillations?
ol e P e Decays? Extra dimensions?
_0 T = If oscillations:
m = e 200 ¢ e , ‘ F A2
s00 —* _ . what is the value of Am
> 150 ; . . .
20 | what is a possible admixture of v,
—— Siawderd ! ree " . . -
-l B | u what is a possible admixture of v,
v = b -
are v, really there
" S S = o
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¢ Three-Generation Neutrino Oscillation Formalism ..

July 29. 2000

* For 3-generations: v, , v, and v, (and maybe even more

L]

the sterile neutrino v_'s )

{ o - ] —
¥, 263 512613 §;3€ ¥ CKM-like
— . - s, . . - - " - 1 H
i ié T S e B ol for Leptons
Vs | 51285 TGn%s®  TORSs TR G Vi -

(In this 3-generation model, there are 3 Am®’s but only two are independent.)

Ami,=m -m;, ., Am,=m;,-m; , Am,=m, —m,

At each Am?, there will be oscillations between all the neutrino
flavors with amplitudes given by mixing angles.

For example: p(, v, )=cos'6,,sin’ 26,,sin*(1.27am’, L/ E, ) v, 3V, at the
(3 sets of " 4 o d § - same Am’ as
3 equations ..AF. =2V, vu sin” @, sin” 26, sin’ A_ 27Am, LI E, v v, -V,

like these) Pv. = v, )=cos’ 8, sin’ 28, sin*(1 27Am’ L/ E, )

A Para Nevtrino Oscillations 11
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Fermilab

Two Detector Neutrino
Oscillation Experiment

(Start 2003)

Far Detector (5.4 ktons) ;
8m diameter by |7 steel plates
4cm wide solid scintillator strips

Steel magnetizedat 1.57T

! 10 km Soudan

730 km
12 km

AL Para Neutnino Oscillations 12
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| q Two detector experiment: Oscillation case Ok

July 29, 2000

Possible SUPHESSION

\\\ of CC cross section

Near Detect e -viﬁ._tw\ of oscillated neutnnos
“short” 8=, (6™ +e0"") S;= B, (6™ 3e0'C +0Ec"C)
“long” L,=®, (1-€) 0 L=od1-eboc K
n.ﬁ:ﬂ.ﬂ!ﬁ:ﬁ i
Combined:
appearance x Most of flux and

disappearance systematic
experiment =>
svod scnditivity errors cance

A, Para.Neutrino Oscillations 13
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v, CC events / kton / year / Gey

8

g

8

g

50 m target pile + 675 m decay pipe

. : i_ Perfect Focusing

| PH2
"3

(medium)

BOHEP 200000
Osaka
July 29_ 2000

CC Events Rates in Minos
Skt detector:

— High 16.000/yr
— Medium  7,000/yr
- Low 2,500/yr

A Para Neuwtnino Oscillations 14
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P & MINOS Far Detector etk

July 29, 2000

ar Detector

*Detect and identify v, CC
and NC

*Detect v, and v, NC/CC
*measure neutrino energy

25 B0 m " Active Detector Planes
4 cm wide solid santillator strips

WLS fiber readout

3lm
(2 sections 15 m long)
Magnetized Fe Plates
486 Layers x 2.54 cm Fe
5.4 kT Total Mass

Magnet coil
<B>=1S5T

A. Para,Neutiino Oscillations 15
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£ 2 Oscillation effects observable at MINOS s

Change of the observed CC rate
..m T MU beom. low energy
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Oscillations or Decays? or Other? <

July 29. 2000

Observed energy distribution of v, CC interactions

provide a measure of the v survival probability as a
function of E

A. Para Neutrino Oscillations 18
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& Measuring the Oscillation Parameters xﬁomﬁi
Jaly 29, 2000

Am*=0 002 &V &zuno.a@m &w i

| / N
| ﬁ/ Expected
e = / errors from
/ el the fit to the

e 025 05 07 1 05 08 ) energy
Am’=0 005 eV? AM*=0.01 eV? distribution
0.006 | 0N il
of v, CC
events
0.005 o0
—le —me —he
000 6 07 08 03 1°.5 07 08 08
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Limits on v, to v, Oscillations

v, v, —90% C.L. imit

.H
m

E_LH |

|

2

10 _. ,w
| |
Iu..l |
T — pn2e 3
| —— PhZme :
CHOOZ (90%=C L) |
— PhiZhe 1
- . NPT |
- Wwo 0 e

HOHEP 2000
Osaka
July 29, 2000

Sample of v,
candidates
defined
using topological

cuts
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Separation

MINOS Oscillation Mode Sensitivity
( Discriminate v,V _vs. Vv, —V__ . )

Discrimination between v,— v, and v, — 1,
A ] .ﬂuﬁl-.lalnu ¥

uuq-‘.u.‘.u..._*”._.-l-.jlﬁlllul-lﬂl-l-..._..ﬂ.*lq.s..ql
4

— 4 sigma, Ph2ie beam

‘Region

KAMIOKANDE Sub/Multi—GeV data 1

B SUPER—KAMIOKANDE Sub/Multi—CeV
(736 days)

4] o1

aadalassabosvnduspalssnblonnadnsbilosnsloonnnboinel
D2 D 04 D5 08 D7 OB O9 1
sin®(28)

ICHEP2000
Osaka
July 29. 2000

Use CC/NC Ratio to
distinguish between
oscillations tov_or v,

* Forv, . CC production of
©’s will look like NC ~80%

of the time
CC/NC  down

* Forv, sterile, both CC
and NC will be suppressed.

CC/NC stays ~ constant

A ParaNeutrino Oscillations 21
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* v, disappearance:
— v energy and radial distribution => constraint on the far detector flux

- beam pointing
« NC/CC:

— ‘*short/long’ ratio including cuts, efficiencies and smearing
* V, appearance:

— measure intrinsic v, component of the beam

— measure background of mis-identified NC events

eV, appearance:
— measure background of mis-identified NC events

* Very high statistics (700,000 times higher than in the Far Detector)

A. Para Neutrino Oscillations
Experiments at FNAL
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NUMI/MINOS Schedule

ICHEP2000
Osaka
July 29, 2000

MINOS Steel Plane ___.___H_,_;_:..

Detector Hall construction in
Minnesota (now - 2001)

Beam Tunnel construction at
Fermilab (2000 - 2002)

Far/Near Detector construction
(2001 - 2003)

Start data run (2003 - 2004)

23
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Soudan Excavation in Progress sy 29, 2000

25

To be completed this year!

A. Para Neutrino Oscillations 24
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Minos 4-Plane Prototype Osaka

July 29, 2000

4 planes, 3 equipped with
scintillator modules

flux coils for field
measurement

A, Para,Neutrino Oscillations 25
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What the (near) future holds e

July 29, 2000
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A MINOS Physics Measurements iy 2, 800

Obtain firm evidence for oscillations:
(Near/Far comparison reduces systematic uncertainties)

~ CC interaction rate and energy distribution
— NC/CC rate ratio and energy distribution

* Measurement of oscillation parameters, Am?, sin’20
— CC energy distribution

* Determination of the oscillation mode(s)
~ NC/CC rate measurements: a (ool to discriminate against v
~ ldentification of v, by topological critena

— Identification of v_by its exclusive decay modes (works best if Am” is
relatively high)
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