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Mixing matrix
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experiments
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Solar neutrino oscillations
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Solar neutrino experiments | ol oo ;}_-_
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SK — K2K - MINOS

xjﬂl-ar i 1 1 1 0 1 I 1 1 i

4.0 * MINOS Best Fit )
MINOS 80% C.L/

e MINOS 68% C.L. [
3.5

|Am2,;|~| Am2,;| = (2.5 £ 0.2)x103eV2 4,5 ~ 45°
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LSND result

an excess of v_events in a v beam,
87.9+22.4+6.0 (3.80)

% 178 ® Baam Excess
uéj 15 HEE pn,—v.ein
[ other
10 |
75t EEL T Points -- LSND data
S .
SPlp ot | o Signal (blue)

5 Backgrounds (red, green)
of 4
YERETEETEETEE D LSND Collab, PRD 64, 112007
L/E, (meters/MeV)

Am2 = 0.2—-10eV?2 Dbestfit: Am2 = 0.2-10 eV2 sin220 = 0.003
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Neutrino masses and oscillations

Oscillation parameters
central value 3o interval
3 families | Am?,,(10-°eV?) 7.9 7.1-8.9
AmZ,, (10-3eV?) 2.2 1.4 -3.3
sinZ0,, 0.31 0.24 - 0.40
sin20,, 0.50 0.34 - 0.68
sin20,, 0.0 <0.047

|LSND > Am2 = 0.2-10ev2> m, > 0.4 eV

1 02 0005 0.8 05 7 Smes =
Uorne = | 02 1 004 .= | 04 08 0.7 cpP

0,005 0.04 1 04 06 0.7
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Oscillations before first
MiniBooNe result

LSND
: ) v_em;ﬂ;:?ﬂh“muuhujfkf—%>\fe ?

Am® (eV %)

R

e

T . %]

P,
10 = . T ==
= e . 3
e ]

Atmospheric
v vy |
1t = 3

ol Solar MSW

LS
Ve—)VX :

Lok Lot I| | | S LN B | II| | | Lizal ot I|
16 -3 =z |
10 10 10 1

sin’28

10 May 2007 Yury Kudenko, INR Moscow



MiniBooNE

50 m decay pipe

12m sphere filled with
decay region: mineral oil and 1520 PMTs
>, KDy, located 500m from source

™.

magnetic horn:
meson focusing

MiniBooNE

detector
Protons from
the 8 GeV booster
= Neutrino Beam
<E >~ 16GeV

movable absorber:
stops muons, undecayed
mesons
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MIniBoOONE resulit

arXiv:0704.1500

E{ i 2w oscilation
2.5pl  [relEsteshed o iniBooNE data
— -} expected background
> 20m { weee BG + bestfit v,—v,
_ = - _
06 + 17 + 20 events 5 5] | ¥y hackground
E — ¥ background
above background, 2 100
for 300<E, *E<475MeV -
Deviation: 3.70 s
- = dafa - expected background
~ 0.8 .
g == DEst-fit v, —ve
» 08F — sin%(20)=0.004, Am?=1.0 e\/?
T N — sin%(26)=0.2, Am?=0.1 e\
v 04/ |
I'n -
Background-subtracted 3 o ]!
@ - [ ]
|:| I D i....---- -I 1 [ T ' | |
300 800 800 1200 4500 3000

reconstructed E, {MeV)
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e data - expected background

% ---- best-fit to full range _
= ; w L , |Examplesin
“ — sin“(20)=0.004, Am*=1.0 eV } [.SND

§ l — sin°(20)=0.2, Am’=0.1 eV* allowed

o " range

- !

8

]

o

L1
- g

S s

300 /600 900 1200 1500 3000
reconstructed E, (MeV)

Best Fit (dashed): (sin220, Am-) = (1.0, 0.03 eV>)
v~ Probability: 18%
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MiniBooNE 1s incompatible with a
v,—>V, appearance only interpretation of LSND
at 98% CL

10°E
- s upperimt - v, = Ve (LSND anti-nu)
-“j_ ::::::ZE:E:E: EII: sensitivity = excess at Iow energy

— BOT analysis 20% C.L.

Antineutrino run
since Summer 2006

IAam? (eV3c?)
[~

M.Maltoni, T.Schwetz
arXiv:0705.0104 [hep-ph]
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<
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-3 -2 -1 . .
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MINOS

Precise study of “atmospheric”
neutrino oscillations, using the
NUMI beam and two detectors

Fermilab

Far Det:
5400 tons

\ Soudan

110 km

¥

10 May 2007

OFERMILAE #98-1321D

Near Det:
980 tons

‘ ‘

12 km

735 km

. Lake |
Soudan g d Superior
o 3 i
Duluth 54

Lake
Michigan

Madison
o
- .

-

Yury Kudenko, INR Moscow

Beam: NuMI beam, 120 GeV
Protons —» s beam

Detectors: ND, FD

Far Det: 5.4 kton magnetized
Fe/Sci Tracker/Calorimeter at
Soudan, MN (L=735 km)

Near Det: 980 ton version of
FD, at FNAL (L ~ 1 km)
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MINOS new results

Measurement of muon momentum and charge sign

Atmospheric neutrino-induced muons in Far detector

854 live days > 140 muons hep-ex/0701045

. LLRL) I B N LI L) N LR R R - T T |: Pdﬂtﬁ "
2 — 4 R= .“,—,:ﬁ = 0.65+ 015 (stat) 4 0.00(syst)

o - T W SuperK . li?.LuLHL

o B Crecillation Parameters 7

o 1.5 —w ]

--:T' C T W, Super-k 7]

_,,':'IE_.-':I 1:_ Or=scillation F'araﬂ'neters._: 1 ) ) )

o T . If no oscillations

W g sf =

L1 L1l L1 1 nl
1 10 107 10° 10* 10°

P, (GeVic)
data

- — 3 +
) TR T =40, 24 0,05 4+ .
Repr = RMC = = 0.727F5 15 (stat) * o] (syst) 1 ifcpr =1

p— St
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OPERA

v, — v direct search

.

High energy, long baseline v beam

(Equ>>m. L ~1000km)
\ J

Average v energy ~ 17 GeV
pure beam: 2% antiv, <1% v,

10 May 2007 Yury Kudenko, INR Moscow 16



OPERA DetectorM

uon spectrometers

Hybrid Detector:

- Two supermodules - Target Mass 1766 tons

* 2 Magnetic spectrometers with RPC & Drift tubes
* 2 X [31 Target Tracker planes and Target Walls]

-+ 206,336 "ECC bricks" (56 Pb/Emulsion layers)

» 12 M Emulsion plates (thin double-coated)

10 May 2007

Yury Kudenko, INR Moscow
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OPERA: v, — v, sensitivity
full mixing, 5 years run at 4.5 x10%° pot / year

signal signal signal BGD
(Am2=1.9x103eV2) | (Am2=2.4 x103eV2) | (Am2=3.0x10-3eV?)
OPERA 6.6 10.5 16.4 0.7
1.8 kton fiducial
+ brick finding 8.0 12.8 19.9 0.8-1.0
+ 3 prong decay
If OPERA does not observe e
1 candidates |
— 99% C.L,
95% C.L.
[ — 9o%cClL
(R Isinéjze P AT
10 May 2007 Yury Kudenko, INR Moscow 18




10 May 2007

OPERA: status and plan

First Beam -  August 2006
7.6 x 1017 POT

October 2006
0.6 x 1017 POT
(water leak in reflector)
Electronic detectors only
no Pb/emulsion blocks

September-October 2007
expected (1.2-1.6) x 101° POT
(reflector/horn repair)

Oscillation physics run 2008

Yury Kudenko, INR Moscow
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T2K (Tokai to Kamioka)

v beam off-axis on-axis
JPARC MINOS Opera K2K
E(GeV) 50 120 400 12
Int(1012 ppp) 330 40 24 6
Rate (Hz) 0.29 0.53 0.17 0.45
Power (MW) 0.77 0.41 0.5 0.0052

10 May 2007

Yury Kudenko,

—~D—
JPARC facility

i "é:';""""" -'Lﬁﬂ e

400MeV LINAC

rch Ir | f_'}

77 50GeV PS

Pacific Ocean

To Sﬁper-Kamiokande
v

~1GeV v, beam (x100 of K2K)

INR Moscow
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Off-axis Beam

SuperK
=]
©3500
3000 ;
TargetHorns Decay Pipe e
2500 > Bl fd
2000 g 14 |
= 12 |
wadl:
1500 1E
L 08 [
0.6 f

1000

500

04 |

0.2 L

o B b b b b b b b Lo b i

0O 05 1 15 2 25 3 35 4

Statistics at SK

OAB 2.5 deg, 1yr=102POT, 22.5 kt
~2200 v, tot

~1600 v, charged current

Ve <0.5% at v, peak

10 May 2007 Yury Kudenko, INR Moscow

GeVY/c
Off-Axis beam Px )

Off-Axis Beam

107k
ST 3] ())
1OS§ fa|
Eofg—H-=Tral0
- E M
% E _‘_LF_‘_‘-L'_"-'-‘_"_‘_LI"_J-LLI—
Ve frone 10—+
u+K = f

o SRR

[N E

\\\\\\\\\‘\ MINN
 ataiars
E, (GeV)

Intrinsic background: ve /v, (peak) ~ 0.002
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Principle Goals of T2K

0 90% C.L. sensitivities
~ i
:i sy Improvement by 20 times
5 ) CHOOZ
{ 3 excluded
- Search for v, appearance Esi
0,3 sensitivity < 1°(90% c.l.) \ _
10" | JHF Syear N

— weB
——  OAB 2deg.

.a - T_ 1 ﬁ ! .;\-:x._\i‘
| " 107 1072 107" ] 1
i sin?20,¢
e :..Lmﬂ.;ﬂ.
R . Measurement Am2,; with accuracy of 1%
| = ' 8(sin226,3) ~ 0.01
W' T S(Am223) < 1)(10-4 eV2

<> =

- Confirmation of v — v, oscillation

10 May 2007 Yury Kudenko, INR Moscow 22



T2K Setup Possible Future - T2K-I

S LI

L maonitor

295 km

Tracker

Pi-zero
Detector

10 May 2007 Yury Kudenko, INR Moscow 23



3aKroueHme

MiniBOONE = - ocunmnnsaumm c Am2 ~ 1 eV2 He obHapy»xeHo
- HA6Op CTaTUCTUKN C aHTUHENTPUHO

MINOS - - noareepxxaeHue pe3synbtaTtoB SK 1 K2K
OPERA - - Habop ctaTucTukn HauHetcs B 2008

T2K-1 - - HEUTPUHHDbIX NYy4YoK B 2009

10 May 2007 Yury Kudenko, INR Moscow 24
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