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This Talk:

e Introduction to v oscillations

» Experimental status of v osc.
* MINOS Physics and Status
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@ Recent History

5 years ago (PDG1998):

* Standard Model : assumed massless v

* Fundamental states : v_, Vir Vo
* my, < 3 eV, ...

Neutrino Oscillations - hints
* Atmospheric neutrino oscillations
- Statistically marginal / positive & negative results

* Solar neutrino oscillations
- Required faith in Astrophysics/Astrophysicists....!
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@l 5 Years on.......

Now (PDG2002+):

* Standard Model : massive v
* Fundamental states : v, , v,, v3
* Am2, ~5x105 eV?, Am?2 ~2x103 eV?

Neutrino Oscillations — Compelling evidence

* Atmospheric neutrino oscillations
- Compelling evidence : Super-Kamiokande (+K2K)

* Solar neutrino oscillations
- Compelling evidence : SNO (+KamLand)

* Almost all (D from neutrino oscillations
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Q Neutrino Oscillations

* Pure Quantum Mechanical effect

* Weak = Mass
Eigenstates Eigenstates
Ve r Vyr Vg Vi 7 Vo, V3

* v produced/detected as WEAK eigenstates

* Weak states — mixture of mass states, e.q.
ve\ cosf) sinf \ /1,
V) —sinf cosf Vo
e+ cos e+ sin e"‘
+ Y _ + M + \
W = W + W
Ve V1 Vz
* Time evolution of wave-function - mass eigenstates
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g Neutrino Oscillations
% Att=0produceaV, (momentum p)
2(0)) = |ve)
= cos@|v,)+sin@ |vy)

Y% Time development of wave-function determined
by time evolution of eigenstates of Hamiltonian

v’
()Y = cos@|vi) e i asind |vo) e i
(t)) = e ih {cn59|u1}+51n6‘|u2}e 4525 E*”

Y% IF E, # EE == Observable phase difference/
% In limit that E >m, then (E, - E,) o (m3-m3)/2E

% Then its just algebra...... 5
. o . o ((1.27L
P(Ve— V,) = sin sin

FE
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Q‘ Simplest case
*

Consider two generation maximal mixing

- 1
lve) = ﬁ(l"l"’yz) i.e. cos&:sinﬁ:ﬁ
iy = Jg(va-va)

% At t=0 produce a Vv,
1 —i E1t _i{EE—Ellt
lv(t)) = Vi 1) + |va) e Z

Y% When (E2 _hEl)t - then

() = e EI{va) — v }

= ! —i%tlvu}

v_"fe
* IF the neutrino (originally v.) now interacts (via
WEAK interaction) it will produce a |

OSCILLATIONS

NIKHEF 6 June 2003 Mark Thomson, Cambridge




@‘ 3 Generation V oscillations

ey —_ Up 1 U,u,ﬂ Upf‘! Vo
U U,1. U, U;3 3

U. Maki-Nakagawa-Sakata Matrix (MNS)

the CKM matrix of the lepton sector

ﬁ> 3 Mixing Angles
1

(+2 additional CP phases for Majorana V)
1 CP Phase
0 0 cosf@y3 0 sin@,3e* cos 04> sinf,5 0O
U =] 0 cosflag sin fs3 0 1 0 -sin #,2 cosfi2 0
0 -sinfs; cosOss -sin 0,3e* 0 cosf;3 0 0 1
Y _ 7 ~N
Atmospheric Vv CP Phase Solar v

Neutrino oscillations described by
e12 ’ e13 ’ 6231 6

> 5 6 new SM parameters
Amlz ; Am23 Aim to measure them all.....
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W @ O @
W @ @ EP &= @
Pure V, beam V,
+ V. V,—V.—V,

* Currently most observations pure disappearance
* Only SNO observe appearance (indirectly)
* Oscillatory structure not yet seen !

‘ Most likely explanation of data is quantum
mechanical neutrino oscillations

NIKHEF 6 June 2003 Mark Thomson, Cambridge 8



Q The trouble with neutrinos

* neutrinos are only weakly interacting
to stop/detect 1 V need ~ 10 light-years of Pb

* need intense sources and large detectors
% neutrino oscillations now seen from:

Atmospheric Neutrinos (Superk, .....
Solar Neutrinos (SNO, Superk, .....
Reactor Neutrinos (KamLAND)
Neutrino beams (K2K)

* For this talk — ignhore LSND !

Wait for MiniBoone |
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Neutrino Flux

Voo Yy Ve VY, VeV,

=4
Q
1
2
l(D
I"

nos

* Fusion in sun is source of Vv,
* Flux ~ 6x1019 cm-2 s-1
* E, ~ 1 MeV

* Mainly concerned with 8B v_

pheric Neutrinos

op

* Cosmic Rays (mainly p,He) hitting

upper atmosphere produce Vs:
T—uv, and [L—eV V. decays

* Flux ~ 1 cm'2 sris-i

* E, ~ 1 GeV

* N(V)/N(V,) ~ 2

* Super-Kamiokande dominates atmospheric V

NIKHEF 6 June 2003
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Super-Kamiokande

* 50 ktons H,0

* 11246 PMTs

* Accidentin 11/2001

* Operational again -
reduced number of PMTs

SUPERKAMIOKANDE  sTITUTE FOR COSMIC RAY RESEARCH UNIVERSITY OF TOKYO

V., V, detected via Cerenkov

radiation from lepton produced in CC
weak interactions

Cerenkov
ring

NIKHEF 6 June 2003 Mark Thomson, Cambridge
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SK particle ID

* Electrons and muons cleanly identified ~ 99 % purity

“Clean’ ring " Diffuse/fuzzy’ ring
due to scattering/showering
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Measure \/e/\llL fluxes vs zenith angle, 0

=212000 F 3
~l10000 ;
/— 8000 | 3
\I 6000 3
4000 F =
2000 | 3
e 0 -il I I-l]l.8l I l]lb I I-0|.4I- I I-l]l.Zl I Il] I l]IZ I ‘l].|4l I IlJl.ﬁl I Il].lsl I 1
cosO
T Am’=0.003 eV’ ‘
Below o s " lmf:os(—)l
* In doing so, scan over large range of L.: 10km<1.<12000km
1.27LAm?
P(v, — v,) = sin? 20,3 sin® .
g E

NOTE: (L/km), E(GeV), Am2(eV?)
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SuperKamiokande Results

Observe clear disappearance signal

No oscillations fit:

Sub-GeV y-like

L 450 Sub-GeV e-like . 5
Z400 E 2500 E . =
::ug 5 E0 P . L min = 465.5/170 d.o.f
S Pk e 2
S50 £ 300 - o \
2200 £ = - i i
Z150 £ Z200 L \no oscillations
100 F F - - -
50 £ 100 ¢ best fit : v,— v, oscillations
Ly S S S Sy S R
cosd cosd ) )
. Multi-GeV e-like 150 Multi-GeV y-like + PC Electrons consistent with no
Eil3 Sao0 b oscillations
%mu - %zsu ]
N Z200 Muons dissappear at low cos0
S 60 5 150 i
7 b Z 00 i.e. large L
0 E 50
] | 1 | ]

determines sin20

NIKHEF 6 June 2003 Mark Thomson, Cambridge 14



1.5

—_

%ata / Monte Carlo
3

—_—
L |
0.8
= 0.6
0.4
=¥

0.2
0

NIKHEF 6 June 2003

1 | T |
oy
%# ! +
I K

o e-like
o u-like
1 10 10 10° 10" 10°
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L/E, (km/GeV)
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Smeared out due to
finite resolution in:

E and L (i.e. cos0)
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v, - V_oscillation fit

ol 5
;9" I ] —u
5

90 % C.L.

i 3 1.6x103 < Am2 < 3.0x10-3 eV?2

(ﬁ sin220 > 0.92

E 3 BEST FIT:
68% L. ] Am2 = 2.5x10-3 eV?2
=ty '
Sin220 = 1.0

— 99%

o b b b b b b b e B e
0 {1} 02 03 04 05 06 o 08 05 1

sin?26
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g Supported by K2K

K2K Best fit point: (sin226,Am?2)=(1.0,2.8x103eV?)
c.f. SuperK: (sin220,Am2)=(1.0,2.5x103eV?2)

NIKHEF 6 June 2003

§°f | Spectrum Shape
LLI L
Number of events 10
Observation: | 56 s o
Best Fit: | 54.2 L No Oscillation
Null-oscillation | 80.1 6:' gt Best Fit
4 _ AL _EH B
2t l
OO - i o é o ZII- | LE.rec
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Solar Neutrinos (SNO)

1000 tonnes D,0, inside a
12m diameter acrylic vessel.
~9500 PMTs + concentrators.
17m diameter PMT support.
7000 tonnes H,O0.

* % Ok % %

Transparent
acrylic vessel

PMT Ultra-pure
H,0 and D,0

NIKHEF 6 June 2003 Mark Thomson, Cambridge 18



@ V Detection in SNO

Charged Current (CC)

*x Detect electron
* Sensitive to vV, only

* Rate Ol D(v,)

Neutral Current (NC)
* Detect Y from n capture on d
* Equally Sensitiveto V.,V , V,
* Rate O ©(v,) + D(v,) + D(v,)

CC
NC

é Processes have different sesitivities. By measuring all

rates can determine: ®(V_,) AND (I)(Vu) +(I)(VT)
NIKHEF 6 June 2003 Mark Thomson, Cambridge 19
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d
vI
d
Elastic Scattering (ES
* Detect scattered e-

vI

* Sensitiveto V., v,, v,

¢
W
P
P
vx
Z
n
P
e V.
Z
vV, € e * Rate 0 (v )+ 0.154[(I)(Vu) +®(v,)]



SNO Results

Extract number of CC + NC + ES + Background event from
maximum likelihood fit to:

(=3}
=]
=

Lh
(=]
]

5 | of @ T [ © NG -~
E 140 1 % SO0F | £ 4oof E
S 1of | B+ 13 Z
E ol 5l 2™ “+1 .| &, 300 e
& LOUE] nd e | 2 3
= C¥11 | | : ) B K 300 g : = =r
A AR R AT IR WU cc | & 200f =
(W] - I& . ¥ --I L ‘-__;_‘!_._'l -.'-i—' 3 L ______L__ B | 2 E
E’I‘-:l:_ ccr—1 1 1\ ‘ﬂl 200:" S M:“L*?, : !wc!;?.rwto--- ke % Blegd
+0F B = 160 NC + blegd %% i 12 il < S R 2 o g
20f=DC & Elegd neutrons — T{Ligd Reutrens ‘.\Efbﬁ-q : _ . NC + bkgd neutrons
: Bkgd "-"|""|T-"?_"|h_'"'|'-"'|""'|'_h'"|"";" Of l‘-' _'—__ J J ——
_DLD 05 0.0 0.5 LD 05 6 7 8 o 1l 12 13— 0.0 0.2 0.4 0.6 0.8 1.0 1.2
cos B, Tetr (MeV (R/Rav)’
* cosO® wrt sun CC 1967 "'2(1)3
n -
* Kinetic energy ES 263 +26.4
- J.25.6
* Radius from centre of SNO
NC 576.5%:;
=W . 48.9
bkgd neutrons 78 +12
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ES Events ~ @(v.)+ 0.154[®(v,) +D(v,)]
NC Events ~ ®(v )+ ®(v)) +®(v,)
CC Events ~ ®(v,)

98
"
v o7
(&)
_ ol B
* Clear evidence fora o :
vV /V flux fromsun! & i
*+ Consistency with SSM 3
2
1
O:""I"' 0 o =
0 1 2 3 4 5 6
O (106 cm? st
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SNO - interpretation

* Interpretation of solar neutrino data more
complicated due to matter effects (MSW)

* But SNO data strongly favour LMA solution

Before SNO After SNO
10-9 LR R ALY NN EUR. 7 FLE.E ) N LR P F R L TN U LR LE. | [R5 R LR %\-3:
10 LMA 3_4:_Am2 =5 X105eV?2
m _
gt ., LMA
10-8 _6:_tan29 =0.34
% 10-7 90 % C.L. mw@ 7_ o LOW
& mm 95 % C.L. L C
E -8 B
= 10 = 99 % C.L. C.Z; '8:_
10-9 —— 99.Y3 % C.L. i 9:_
0l Cl+ Ga+ Sp(D) + Sp(N) —y,0 — -
o 3 8B free + BP2000 i e T
L ree - o,
10-1 3 Just So? : gg /;’39)' CL
3 -11 — . (]
10-1;0_‘ lﬂ_.a ln_a lﬂ'l lm lﬂl _12:IIII||III|IIII|||II|IIII|IIII|IIII|IIII||III|IIII
tan2(6) 4 35 -3 25 -2 15 -1 -05 0 05, 1
log(tan 6)
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Q Reactor Experiments

e Nuclear reactors produce a large flux of Ve (Ev ~ 5 MeV)
e Experiments search for Ve disappearance

1.4F
Pre-2002 SNO Result : Am2 ~ 5x10-5 eV2

Suggests that for

1.0 —-#-ﬁ(—ﬂitu—“#—“ sin2(1.27Am2L/E) ~ 1

1.2 3

oy
$ 08 requireL ~ 110 km
$ .
8 0.6 x Savannah River . . .
Z o Bugey * Significantly larger distance,
0.4}~ & Goesgen therefore, require very large flux i.e.
Mo Krasnovarsk -
O Palo Verde more than 1 reactor at the right
0.2+ m Chooz =
distance
00 | |
10 10° To

Distance to Reactor (m)
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Serendipity

The ideal site exists — Kamioka!

many reactors at ~ 150 km (including most
powerful power station in the world ~25GW)

20 % of world nuclear power

~70 GW Nuclear Power Stations in Japan

Electric Power Development Co.ooma{Commercial plant. Aug. 1999)

E | Kashiwazak] Kariwa_ 00k _Electric Pawer Go.-Higashidori L Hokkaido Electric Power Co. ~Tomarl
= — O kashiwazaki o s e e ] e /mgﬁ
o300 : RE5
1) — /m
"".E Z 86 % of v events - pov i ﬁ—mm-m-m-coguﬁﬂ
— SR x|
_3250 - from 175 735 km  “aesurmc Y T
g : ] ' ] ; ipan Atomic Powsr cD,-'rn;:iJ:i:i
w200 — © v
S [ = E ‘
5.cof 5 a5
3150~ @ 5| £ o
] — x a £
2...F 2 8 &
[ _ S
10 Bzg 2
B o
— oS =
50 5 ~ E§ g5 5 5
- o Ex 8 o =g O o
— =4 S = a g B GE S S
0 _ 1 1 1 | | "'o. 1 ? 1 --I‘ I 1 * ?"'o.l % | 1 | aI 1
0 200 400 600 800 1000

Distance from Kamioka [km]
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Rocks

NIKHEF 6 June 2003

KamLAND

% V. detected via inverse 3-decay
Vo +p—>e* +n
n+p —d+ y(2.2MeV)
* Two step process:

4+ Prompt e+
gives measurement of V_ energy
+Delayed Y

* Event tagging:
energy + correlation in space/time

o
o

214pg, 212G Tag 95 %

OfE = 5%NE(MeV)

5300 ¢ ;

2 e UTh 10"%g/g
?50 E 0K 10™g/g
2500 oy PSD 90%
g

[0]

1

50 & Reactor

1 ‘9<E*/<2'5 MeV
Events

At < 1msec
Ar<im

100 Fit

7 8 9 10

visible energy (MeV)

R Require ultra-pure Liquid Scintillator

U, Th: 10'1: glg
40K 105 g
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KamLAND Results

20 F —— reactor neutrinos
E geo neutrinos
15F @ accidentals
lof ). ¢ E, > 2.6 MeV
>k
s F
g Opou Observed 54
S o5k 2.6 MeV o KamLAND data
% N (analysis) — no oscillation
S _r | —— best-fit oscillati
& 20f ; w010 Expected 86+5.6
15 :_ . Am'=6.9x 107 eV*
0f Background | 0.96+0.99
s
)| S S . -
0 2 4 6 8
Prompt Energy (MeV) 1.4E
1.2 %
].0 —— ,._# ) S —— e
* Almost all @ from rate _ ﬁ ‘H »
5 08k
- - 4 ) A ILL
* Confirmation of solar B L % SovamahRiver
- = v : o Bugey
\Y deficit (NBG) X Rovno
0.4 + CGoesgen
/A Krasnovark
0.2+ 0 Palo Verde
B Chooz
0.0 I !
10’ 107 10°

Distance to Reactor (m)

NIKHEF 6 June 2003 Mark Thomson, Cambridge 26



%  KamLAND vs SNO

* Consistent results
* LMA confirmed

NIKHEF 6 June 2003 Mark Thomson, Cambridge
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g Experimental Status : Summary

1 0 0 cosfy3 0 sinf5e® cos 1, sinfly, 0
U =| 0 cosflyg sinfas 0 0 -sin #y2 cosfy2 0
0 -sinfly3 cosfys -sin fy3e* 0 cosfy 0 0 1

* Am2, ~5x105 eV?

* Am2, ~2x10-3 eV?2
* sin220,, ~ 1.00
* sin220,. ~ 0.75
* 0., < 13° (Chooz)

We know a lot more than
we did 5 years ago !

* But still haven’t seen the oscillatory pattern !

Bring on the next generation

........ MINOS

NIKHEF 6 June 2003 Mark Thomson, Cambridge 28



ﬂ Long Baseline Experiments

Super-KAMI@

CERN i Ciran Sasso Newtring Beam

CNGS

(CERN Neutrinos to Gran Sasso)

NIKHEF 6 June 2003 Mark Thomson, Cambridge 29



%

Comparison

MINOS

Run

2005-

Fid. Volume

5 kton

<E, >

3 GeV

L

735 km

POT/year

4x1020 (?)

7.6x1019

O(Am?2)

~ 10 %

~ 15 9%

T appearance

No

Yes

Oscillation Dip ?

NIKHEF 6 June 2003

Mark Thomson, Cambridge
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# MINOS

where science and art meet

. R
S e

e

B
1
i A ‘ P
. 4 = 2
¢ &
$ el 0y
> g

\
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Basic Idea

Near Detector at NulM1 Far Detector
FERMILAB [lHnok L20UDAN MINE Minnesotns

Tromn Mounta'ns

# Wizcrmsin
/// 1 km | Lahe Superiorss -
| I
=] mmm ] 1
I

* : 1]‘[ 1
T | ™! MINOS

Neutrino beam diverges

Pl - - - - - e e e e e e mmemem-mm-mmmmmmm-mmsmemmemmemmmm-mm-mememm-mmmmmm=—==a-
beat-plpel - T30 km

MINOS detector

horn

* Measure ratio of neutrino energy
spectra in far detector (oscillated)

to that observed in the near
detector (unoscillated)

* Partial cancellation of systematics
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Q MINOS Physics Goals

% Demonstrate oscillation behaviour
e observe oscillatory dip/rise
o confirm flavour oscillations describe data
e discriminate against alternative scenarios

2
% Precise Measurements of Am,; & 0,

e ~10% measurement of Am2,

* for sub-dominant v ,—V, oscillations
e first measurements of 0,; ?

4+ MINOS is the 1st large deep underground detector
with a B-field

e first direct measurements of V vs V oscillations
from atmospheric neutrino events

NIKHEF 6 June 2003 Mark Thomson, Cambridge 33



How to make a v beam

120 GeV/c protons strike graphite target
Magnetic horns focus charged mesons (pions and kaons)
Pions and kaons decay giving neutrinos

Hadron

Decay Plpe Absorber
[=677m r=1Im 2l

u L
p
T,K

- | spill every 1.9 seconds
- 4e13 protons/10 usec spill
- 3.8¢20 protons/year

Magnetic horns

hadron and muon
monitoring stations

o4 »
o Ldl

L = 1.04 km to Near. 735 km to Far Defector

Nulvvil Tunnel Project

To scale......

ZA% R e Ers

— —
A 677 m decay pipe Near
Target Detector
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Tunable beam

* Relative positions of the neutrino horns allow beam
energy to be tuned.

* Start with LE - but maintain flexibility

180
160 (a) PH2he High Energy |
_ v

S 140 = X
S |
o
= 120
2,
E 100 HE Beam (b) PH2me Med. Energy |
2 E Vo
5 80 — A |
a Py —
O 60
U -

=1 (c) PH2le Low Energy |
40 -

E )
20 ] Decay
Target Hall | Plpe
0
0 5 10 15 20 25 30
E, (GeV)
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Insertion into
outer conductor
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Tunnelling complete

Beam due to turn on Dec 2004

Pipe is embedded in
concrete to protect
groundwater.
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ﬁ MINOS Far Detector

8m octagonal steel & scintillator
tracking calorimeter

e 2 sections, 15m each

e 5.4 kton total mass

e 559%/+E for hadrons

e 23%/E for electrons
Magnetized Iron (B~1.5T)

484 planes of scintillator

One Supermodule of the Far Detector...
Two Supermodules total.

NIKHEF 6 June 2003 Mark Thomson, Cambridge 38



Q Detector Elements

* MINOS detector : SAMPLING CALORIMETER

* Steel-Scintillator sandwich

* Each plane consists of a 2.54 cm steel +1 cm scintillator

* Each scintillator plane divided into 192 x 4cm wide strips

* Alternate planes have orthogonal strip orientations U and V
* Octagonal Geometry

Uvuvuvuyv

steel

scintillator

Lt neer ta .. ete.

orthogonal
orientations

of strips \ [ 4 4 i
O EO LD EO e e

NIKHEF 6 June 2003 Mark Thomson, Cambridge 39
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@l Basic Technology

*MAIN FEATURES:

* Extruded scintillator strips
*Wavelength-shifting fibres
+ clear fibre optical readout
* Multi-anode PMT readout
M16 in Far
M64 in Near
* 8-fold optical multiplexing in
Far Detector

WLS fibre glued into groove

NIKHEF 6 June 2003 Mark Thomson, Cambridge 40



NIKHEF 6 June 2003

L,“* = LEVEL NO. 27%

2341 FEET BELOW THE SURFACE
689. FEET BELOW SEA LENESE

N

Components taken undergrounds...

Photo by Jerry Meier

Mark Thomson, Cambridge
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Plane Assembly

Crane carries plane
down the hall for
installation

6-8 Planes per week

NIKHEF 6 June 2003 Mark Thomson, Cambridge 42
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Current Status

Detector on June 2: V3
483 /484 planes installed.
all planes being readout

e The far detector is 99 -100 % built

e The magnetic field is on for Super-Module 1

o Complete far detector later this month (June 2003).
e Atmospheric Neutrino data are being collected

NIKHEF 6 June 2003 Mark Thomson, Cambridge 44
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ﬁ MINOS Near Detector

* Similar — but not identical !

3.8 x 4.8m "octagonal” steel &
scintillator tracking
calorimeter

Same basic construction,
sampling and response as
the far detector.

No multiplexing in the main
part of the detector due to
small size and high rates.

Hamamatsu M64 PMT
Faster Electronics (QIE)
282 planes of steel

153 planes of scintillator

NIKHEF 6 June 2003 Mark Thomson, Cambridge 46



Near Detector Status

Not quite so far advanced as Far Detector

Detector components ready — waiting to be
intalled in experimental hall

NIKHEF 6 June 2003 Mark Thomson, Cambridge
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Near Detector Status

S AN - Fa
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Event Information

* Two 2D views of event

u,

plane (z)
V.,

plgne (z)

* Software combination — " 3D’

/

A b N s o e v w s

* Timing information (~2.5 ns)
gives event direction (up/down)

* + charge deposit (ADC counts)

NIKHEF 6 June 2003

FarDet Cosmic Ray Muon

U vi
160
140
120
100

80
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B-Field

Bending Muon in BField

Run 6645, Snarl 2400 ~ 1.5 T Magnetic Field

* Charge separation

* Momentum measurement

— Stopping muon

’:T T Prange = 3.86 GeV/c
Pcurvature = 4.03 GEV/C

B B e |

1 1
1m oW M L I N
i
o
™
2 &
-
3 Ll
I
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Q Test Beam

* Response/Calibration being measured in CERN
test beam using a MINI-MINOS

e.g. response to 2 Gev particles

g'::: I..... 5% B | —————— o
| 1 -
* 1on ;
! ns ] +s
15 | S I
F I 1
E jul
111 e . :
10 | 10 1 ]
: [} ] ]
L1 ]
i} [ j[
nnnnnnnnn
BVen even
fur Ttrrrrrtrrrrrrrrrrrrrrr o rrrr a fer T ™TTT ™TTT ™TTT ™TTT ™TTT (n]
= i.z 2 ! T T T T T j.Z
i I o3 [
s Muon o | np oo Proton
III 1 s i —s
1 E 3
15 1 IIII E 15 F E
[ ] ] [ | 3 II
lIIlIIlII o III I o
10 1 [ | 1 ] 10 F 1 ]
1 3 E
[ ] E F
[ | 3
I o
1 | E
0 . I .
40 o 10 20 30 40 S0
Flane Flane
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First results’

Upward going muons produced by
local neutrino interactions in rock

Determine velocity from timing
B=v/c (P=-1upward)

1!@ Distribution | BetaPub

o - Entries 1155218

Mean  0.9997

10" I RMS  0.08342

Earth 1é

Downward

Upward ——t¢
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ﬁ Example Candidate Event

ut with p = 5.4 GeV/c
Time vs z

- = -

240 EanE

Timevsy &= [ 44
4 *ﬁg R %3 Y
A Y
iR X

yvsx 1 i P F Strip vs Plane

2 ab /
e : &

-3 [
. ar

A L
El sl bbb bbb b [EETEENININRENINEE NI RER TN RN AN AN
B T [ ] [ ] 13 b 12 ] T ] B 10 " 12

Z Pomilion Z Pos
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©

12 Candidate Events consistent
with MC expectation

MINOS Summed Upward-Going Flux

-
o
I

and a token data "physics’ plot

Flux (Arbitrary Units)
[++]
L

~
* Data analysis underway ! Lol ] el
Hope to have preliminary 2; _____________________________________________ 1 __________________
results on atmospheric -
neutrinos for Summer 2004 ot

* And finally what I'd like to be presenting
here in a few years time.......
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MINOS Sensitivity

* Measurement of Am?2 and sin220

03¢/nO0SC

1.5

Spectrum rotios

- 7.4x10% p.o.t

NIKHEF 6 June 2003

Allowed regions

L 7.4x10® p.o.t

—_— 0% C.L.
— SORCL,
‘k inpul poromelers

S-p-r-lt.mc.l..

0.7 M 0.9

1
sin29

25x10” p.o.t

Mark Thomson, Cambridge

Qw For Dm2 = 0.0025 eV?,

sin? 2q = 1.0

Factor 10 improvement
in precision !

Final sensitivity
depends on protons
delivered to MINOS
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V., Appearance

For Am2 = 0.0025 eV?, sin2 20,,= 0.067 ) 3 o Discovery Potential
60 \ Energy Spectrum ':2
‘0
o‘ .........................................................................

MC

0.12

Events
n
o
]
~
. ——————r—
O
A
\.
o
N

0.06 - MINOS 256 10™ pot
Tagged V. CC events i
. © j For Am? = 0.0025 eV2
. T e o 004 g ; - : - o
Visible Energy (GeV) Percent Systematic Uncertainty

10[

Assumes 25x102° protons on target.

#* 3 O discovery potential may significantly eat into current
allowed region — exact reach depends on protons

¥ MINOS has a reasonable chance of making the first

measurement of 0,5
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*
*
*
*
*

Conclusions

Over the last 5 years our knowledge of the
neutrino sector has increased hugely !

Over next 5 years a number of nhew experiments
+ * precise’ measurements

May shed light on fundamental questions, e.g.
flavour symmetry - why near maximal mixing
matrix (in contrast to CKM) ? ......

MINOS is a major part of this experimental effort

Construction is going well — already taking high
quality data with the MINOS Far Detector

Eagerly awaiting first beam, due December 2004 -
and who knows, maybe some suprises !

NIKHEF 6 June 2003 Mark Thomson, Cambridge
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The word is getting
around.....
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