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Doumnnauuy HeuTniHo

C.I1. Muxeesn
NAN PAH

* Y10 MBI 3HAEM 00 OCITUAAAIINAAX

* Uro MBI XOTUM y3HATH



Ocumnnaumm HeUuTpuHO - NepuoauYecKkUuU BO BpemeHU
(wnu npocTpaHcTBe) Npouecc NOMHOro UNU YacTUYHOro
nepexoAa OAHOrO TUNA HEUTPUHO B APYrou, KOTOPLIU
BO3MOXeH MpuU HANU4YUU y HEeUTPUHO MACCHI U
CMeLmnBaHUA.

CmelwmsaHue O3Ha4aeT, YTO COCTOAHUA, KOTOpLIe
y4acTBYOT B Cnabbix B3auMoaeucTsuax, He COBNAAGHOT

C COCTOAHUAMU, UMerowuMU onpepesieHHobre MaccChor.

2-V
P(v,v ) = 1 - sin®29sin®(1.27 Am®L/E)
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Choji Saji

ATMOCepHbIe HEUTPUHO oo

Downward

I((Ir'n=)1 0~100

Upward
lgr'n=)Up to 13000




Choji Saji

ATMOC(PepHbIe HEUTPUHO oo

YepeHKOBCKUI 1ETEKTOP

uper-Kamiokande - Partially contained

50,000 ToHH (22,500 TOHH)
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Choji Saji

ATMOCepHbIe HEUTPUHO oo
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ATMOCepHbIe HEeUTpUHO

450
§4®@
=350
5300
gzgan
£200
> 150

ﬂ‘“’g Sub-GeV e-like

-1 0.5 0.5

0
cosO

—O-
sp | Multi-GeV p-like + PC

0.5 0 0.5 0.5 0
cosO cosO

~13000km  ~500km ~15km

C.MN.MuxeeB

0.5

Choji Saji
NOON2004



Choji Saji

ATMOCepHbIe HEUTPUHO oo

68% C.L.
— 90% C.L.
99% C.L.

0O 01 02 0.3 0.4 05 06 0.7 0.8 0.92
sin“20
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sin220 =10
Am? = 2.0x1073 eV?
x? = 170.8/170 dof

sin20 > 0.90
1.3 <« Am?< 3.0x1073 eV?



Takanobu Ishii

JxkcnepumeHT K2K

K2K - nepBbIM 3KCNepuMeHT ¢ AaNbHUMU HEUTPUHO An4
UCCNefOBAHUS OCUUNNALUUU HEUTPUHO, OBHAPYXEeHHbLIX
B ATMOCEpPHLIX HEUTPUHO.

Super-Kam
iokande
Atm.-v K2K ‘
L 10~10%m  250km(fix.) W/ | =250 M “
Ev 0.1~100GeV  ~ 1.3GeV V 9 )
Am2 101 ~10%eV2 > 2x1073 eV2 AP
50 % ~1% eutrino Oscillati

VIAY
e 'p

KEK-
126eV PS
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Takanobu Ishii

JxkcnepumeHT K2K

Use both Number of events + Spectrum shape
(June *99 — July ’01) (Nov. '99 — July ’01)

Null oscillation probability:
e AM?= @sin“20=1(90%CL)

reconstructed Ev Allowed region

Normalized by area

mmmm [ xpectation
w/o oscillation Best fit

---------- =g

— Best Fit - Fomneea point
2.8x107°
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Takanobu Ishii

JxkcnepumeHT K2K

observed
expected.

al oweci (9jO%CLj CHOOZ(9O
v disappearance
02 03 04 05

sin®20
ue




Masaki Ishitsuka

ATMOCPepHbIe HEUTPUHO oo




Masaki Ishitsuka

ATMOCPepHbIe HEUTPUHO oo

Mostly
upward

E Preliminary

Null oscillation
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102 10° 4
L/E (km/GeV)

Data/Prediction (null oscillation)

Mostly _ _
downward Best-fit expectation

Am?=2.4x103,sin?20=1.00
2. =37.8/40 d.o.f
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Best fit
+ expectation w/
systematic errors
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ConHeuyHbIe HEUTPUHO

@“”“@ —¢o

“‘He

+ 2e’ + 2v(a + 2BMeV



ConHeuyHbIe HEUTPUHO

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

+0.20
1.0

0.55+0.08

0.48+0.02

s
e

2.566+0.23

SAGE

Kamioka

Experiments pm
Uncertainties
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ConHeuyHbIe HEUTPUHO

6.Fogli et al.
hep-ph/0106247

VACUUM

2. = 7.8

10 3 10
tan"o
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Kevin Graham

A AxcnepumeHT SNO

1000 TOHH
TAKKSIOU BOAbL

Fny6buHa 2039 m 1700 TOHH

0bbIYHOU BOAbI

9438 &3Y pnsa
5300 TOHH

53007 BHYTpeHHero
O6bIMHOM BOAbLI obbvema
91 &3Y ans
BHellHero
obbvema

(aHTUCoOBNAAEHUA)
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AxkcnepumeHt SNO

& s

= 1.445 MeV

- good measurement of v_energy spectrum
€

- some directional info o< (1 — 1/3 cos0)
- v_only

o v rd = pi

-Q=2.22MeV
- measures total °B v flux from the Sun
- equal cross section for all v types

5 e

- low statistics
- mainly sensitive to v, some v, and v_
- strong directional sensitivity

13 man 2004
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Kevin Graham
NOON2004

Charged-Current

o
. \C:lerenkov electron
deuteron \ 0

0 protons

Ve

neutrino

Neutral-Current
@

/ neutrino
I e neutron
deuteron O

proton

¥y

neutrino

Elastic Scattering

/ Cherenkov electron

electron

neutrino

&
neutrino

18



Pure D20
(phase I)
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AxkcnepumeHt SNO
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Kevin Graham
NOON2004

Salt
(phase II)
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ConHeuyHbIe HEUTPUHO

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

+0.20 +0.20 +0.20
1.0 1.0%2e8 1.0f0<

1.01+£0.12

MO

0.55+0.08

0.48+0.02

s
Ve Ze

2.566+0.23 0.35+0.02

7]
L

Kamioka

2H,0
Experiments pm
Uncertainties
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ConHeuyHbIe HEUTPUHO

I e
1 - - sin 2912
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AxkcnepumeHT KamlLand

M3mepeHune NoToKa v, OT peakTopoB Ha pacctoaHum = 180 km

/npgw\of/i cUrHan
v +plle +n

v

+pld+vy (2.2 MeV)

3aaepXaHHLIN
cCUrHan

Copepa anametpom 13 m
s 1000 ToHH xuakoro
~ _ CUMHTUNNaTOpa
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AxcnepumeHt KamlLand

Primorskoya

Kashiwazaki

— Fukushima Dadichi

Fukushima Daini

Mamanons! Muoloar Safory Cootor af ANL, Mar 198w 30N
—— —— )
39'E 140°E 142°F 144°E 148'E

80% of flux from baselines 140-210 km
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AxcnepumeHt KamlLand

Yucno cobsitun

c E> 2.6 MeV 54
Oxupnaemoe
yucno 86.8 + 5.6
$oH 0.95 + 0.99
ﬂQb_s — NB_Q =0.611 £ 0.085 (stat)
expected 1 0.041 (syst)

99.95 % C.L.



AxcnepumeHt KamlLand

ILL

Savannah River

Bugey

Rovno

Goesgen

Krasnoyark

Palo Verde

Chooz ® KamLAND

| | |
10° 107 10

Distance to Reactor (m)

4
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CmewmsaHue HeUTpUHO
v )= ZUG |
TR

b ) Al

UUeUe
U=|U U U
n2

U U U



YpasHeHue 3sonoumm

iilv >)=H
d |V
H = LUdlag(@ Am? Am?> )U + diag(V,0,0)

2
Am? = m?- m? A\ \/'ZGFNC

2

A *
H ~ ;‘E Udiag(0,0,1)U" + diag(2EV/Am %,0,0)

2 2

oL =
LAm  /Am



CmewmsaHue HeUTpUHO

3 yrna cmewusaHus (9,,,9 23,813)
u 1 pasa CP HapyweHus ()

‘ConHeuHbIE HEUTPUHO
Am? (54x105 9.5x10°5)

?VZ
m
0 0 C, Os e s
U =0 ¢;8,; I% Oi6 & C
0-s .c,. -S,, € 0 C,, O 1
C.. = cos9
1) . 1) ATMOCEEpHbIE HEATPUHO
S, = siny,, |Am? (13x103+3.0x10%)
ij ij gVZ o,

13 mas 2004 Slndzg > O 9ch 28



13 man 2004

N3secTHbIe napameTpbl
(Am?2, Am? , sin22312 sin22323 )

T I T T T T I T

atmospheric + K2K

solar+Kamland

o

L l |

0.25 0.5 0.75

i 8 T
{sin"6,,, sin 6}

N

3

Am’ [10eV]
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TT T T T 17T
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\ CHOOZ 90% CL

\ CHOOZ 306

SK best fit + 30 interval
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sin 20,
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HeussecTHbie napameTper

sin®28, | <
0.2
0 - dpaza CP mapymeHusn

3uak Am* = Tun uepapxum Macc

HopmasbHas obpaTtHas




N. Tagg

AxcnepumeHT MINOS O s
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N. Tagg

AxcnepumeHT MINOS O

Far Detector
485 planes of scintillator + steel
8m X 8m octagon
5.4 kT total mass

BOTH:
Steel/Scintillator sandwiches
2.54 cm steel + 1 cm scint
Magnetized ~1.5T
55%/VE hadrons
23%/VE electrons

Near Detector

282 steel + 153 scintillator planes
I 3.8mx 4.8 m
b 0.98 kT total mass
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N. Tagg

dxkcnepumeHt MINOS NOVE 3003

v, CC Events/kt/3.7¢20pot

gmh,.gl"f"mu'"'? k R Low Medium ngh
: 440 1040 2170

v, CC Events/MINOS/7.4e20pot

Low Medium High
4760 11300 23400

>
[
9
S
<
)
)
3
=
)
>
M
O
®

Vi

3.7x10% protons on target/year
requires 4x10'° protons/2.0 seconds

By moving the horns and target, different energy spectra are
available using the NuMI beamline. The energy can be tuned
depending on the specific oscillation parameters expected/observed.
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0s¢/Nnoosc

O
o
Q
o
L=
By
Q
o0
<

0sc/noosc

xcnepumeHt MINOS

Spectrum ratios Allowed regions

o

7.4x10% p.o.t 7.4x10%* p.o.t

0% C.L.
Q9% C.L.
v decay (SK) Input puro:neters
- v decoherence (SK) Super—K, 90% C.L.

6 8 10 0.001 0.6

Neutrine energy (GeV)

6 8
Neutrino energy (GeV)

6 8 10 0.001 Q.6

Neutrino energy (GeV)
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N. Tagg
NO-VE 2003
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N. Tagg

AxcnepumeHT MINOS O e

V <>V
u e

90% CL Exclusion 3 ¢ Contours

MINOS with: -, CHOOZ
225, 16, 7.4 x10%° pot g

ICARUS

MINOS, w&

25, 16, 7.4 x10%° pot

0.05 0.1

MINOS sensitivities based on varying numbers of protons on target
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T.Kobayashi

TTpoext J-PARC

“T2K” (Tokai-to-Kamioka)
neutrino experiment

LOL: http://neutrino.kek.jp/jhfnu

Senche
° .

v, beam of ~1GeV

Kamioka. —~

Super-K: 50 kton Suwxgi:knnde 295km JAER

Water Cherenkov

{} W G'uo e
.,';'”t‘ » ‘.'Nmova

~Mt “Hyper e

Kamiokande”
(c) 280D ESNI

1st Phase (x10? of K2K)

v @ Tokai)
" e | JAERI

" K
T eVia al .
Fonigs (Tokai-mura)

Yokohama ",
J o 0.75 MW 50 GeV PS

-

- 4200 mi /6768 km acreds

4MW 50GeV PS

2nd Phase

oV, Vx disappearance
oV, Ve appearance
eNC measurement

oCP violation
o proton decay |
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T.Kobayashi

TTpoext J-PARC

Off-axis beam Far Det.
(ref.: BNL-E889 Proposal) )

Horns Decay P'BQ p—

R i 2 dznmalls
w/ Iintentionally

, 3 - . 12
beam line from det. axis 1
08 Hit-
Decay Kinematics ot}
n 02 =Ry
400 ~

350
00

E:

v

2(E, — p,cos8)

~ 3000 CC int./22.5kt/yr
Vi 1.0% (0.2% (@ peak):
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T.Kobayashi

TTpoext J-PARC

Measurement of sin?2023, Am?23
v.. disappearance B

OA2.0deg

ALLCHA

w/0 0sC. 104 \
{ ) |

(OAB-2°

SRR . Y
| ALLCHAN 1683, ) B
e

2= 3.0 x 103 eV?

200

| | |
0.002 0.004 0.006

True Am,;? (eV?)
A d(sin?26)~0.01
(1.000,0. 85 53dFV) O(Am?) ~<1X10* | .

=
c
S
g
o
©
S
3. ~
= 100
o
>
o
e
o
*
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T.Kobayashi

TTpoext J-PARC

sin?20,, from v, appearance
Bl

IWERT 4 8 B o ot o L e 5

Off axis 2 deg, 5 years

Expected SignakBG
sin?’gl?f&m -
sin’24,,21.0
Am'=0.&03ov’

— Total BG

- BG from v +antiv_

Off axis 2 deg, 5 years

2 P il ! i i 1 Lol ol i I TSN PRORE BTUe
3 2 E] 135 3 D139 8 45 5
10 10 10 L ¢ Rcconstruct:i Ev{GeV)

2-ring merged to 1-ring

Signal

BG
beam v,
{ TC()

C.MN.MuxeeB



T.Kobayashi

TTpoext J-PARC

Future Extension: Search for CPV
JHF-HK CPV Sensitivity

4MW, 540kt
2yr for v,
6~7yr forv,

LI T civalisAidad
Q4L exciudged

. stat+5%syst.

| ;:stat+2%sy,$'t; :
0.08 gt
. | (signal+BG) stat only

0.06 i ,
?_ / i stat+10%syst.
no BG '.,\ ! /

0.04
signal stat on

0.02

Y T2K:'3c discovery \_

\

0 01 02 03 04 05 06 0.7 08 09 1
sind

0

3o CP sensitivity : |3|>20° for sin?26,,>0.01 with 2% syst.

22
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PeakTopHBIE aHTUHEUTPUHO

Dominant 612
Oscillation

{0 100 1000 10000 100000MeeLelae(a)

Subdominant /N




PeakTopHbIEe aHTUHEUTPHUHO

Luminosity Scaling

| B2 |

Chooz T Reactor—] Reactor=l11

- =TToE =
i \ Cnorm =1.7% 'nom =<2

cal = l . ] ’( H - '_-"J..(TCH] =

Tnorm =U. 8%

JHE=SK

o
=
—
=
Hom
e
Lo
N
-
st
x|
A
2]
=
<P]
vl
™
=)

2

sin”

Tnorm =%
Oca1 =0%

10 10
Integrated luminosity £ [GWry]
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