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Oscylacje neutrin:

Co juz wiemy oraz program na najblizsze lata.

Danuta Kietczewska, UW&IPJ

< Oscylacje neutrin stonecznych i reaktorowych (mate m?)
> SNO
» KamLAND
> Borexino

 Oscylacje neutrin atmosf. i akceleratorowych (duze Am?)
> MINOS
> MiniBoone

“+» Co zostaje do zmierzenia za pomoca oscylacji neutrin

“*» Przyszte eksperymenty
> Reaktorowe z kilkoma detektorami
> Akceleratorowe nowej generacji: T2K i NOvA

Wroctaw, XI 2009 D. Kietczewska




Neutrino mixing NOT in Standard Model

Wroctaw, XI 2(




Neutrino oscillation - 2 flavors

cosf smnb
—sinf@ cosf

V
The ratio |MEN

V)

Wroctaw, XI 2009 D. Kietczewska




Oscillation Probability - 3 flavors (part 1)

_A(neutrino born with flavor oz isa v.) X

A(v  — vﬁ) = Z A(v, propagates) X

A(when v interacts it makes flavor [3)

A denotes an amplitude.

Wroctaw, XI 2009 D. Kietczewska




D. Kietczewska
Wroctaw, XI 2009

How do Neutrinos Oscillate?
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Oscillation Probability - 3 flavors

2

P(v, > V,)= ‘/l(va — Vy)

=5, —429%(UaiUﬁanjUﬁj)sm o
[>] \ )
* YA
+2) JUU,U, U, )sin| —
- o i oj Bj "E
> \ J

Note here: if o= then the imaginary components disappear

CP phase cannot be measured in disappearance experiments
Wroctaw, XI 2009 D. Kietczewska 7




Oscillation Probability - 3 flavors (¢=0)

>vﬁ)

i>j

—2i 23, U,U,U, U, )sin’
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I Oscillation Probability - 3 flavors (¢=0) I

5 1.27Am122L 5 1.27Am123L 5 1.27Am223L
P(v_— vﬁ) =—4| a,sin + a , sin + a,, sin

/5, /5 )

Am =~ Am,, = Am Am, = om

Am > Om

—~~
—

1.275m2L]

small L/E i) Sl ( -

1.27Am2Lj

E
L[ 1.27Am*L 1
S1n ~ —
E 2

., 1.278m’ L
P(v, — vﬂ) =—4| a,sin = +0.5(a,; +a,,)

Wroctaw, XI 2009 D. Kietczewska
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Oscillation probability - 3 flavors (¢=0)

Am,, = Am,, = Am, Am,, =0m

1.27Am °L
P(v -V ): cos ‘6 _ sin “260 _ sin 2( j
u T Z
v Note:
) . 9 . 9 127Am 2L fOI' 13'1320
P(vu — ve) = sin 26 ;; SIn 6 ,, SIn - all formulas
v are the same
P(v Ny ): sin 220 cos 20 sin 2(1.27Am 2L] as for 2 flavors
€ T 13 23 E

1.276m °L
E

\%

Wroctaw, XI 2009 D. Kietczewska

13

P(v SV )= cos ‘6 _ sin ‘20 _ sin 2(
e ur 13 12

j +0.5sin “26




Sensitivity to oscillations

Supernovae
Solar
Atmospheric
Reactor
Accelerator with

short baseline
Accelerator with

long baseline

Wroctaw, XI 2009

P(va — V,

) = sin“26 sin” (

D. Kietczewska

1.27Am*L
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More exact formula: v, ©v, andv, &,

+ neutrinos
- antineutrinos

solar term

CP violation

matter effects
- sensitivity to
mass hierarchy

(42)

The above formula is necessary for future, more exact studies
Wroctaw, XI 2009 D. Kietczewska




Am? in eV?

“*| Allowed by

Solar v & KamLAND

®

68, 90 999%C.L.
| | |

lllllllll ]]llIH1lllJJlllllIIlllllllllllllllll[llllllllllllllllllllll I NN NN NN NN NN N EEN)

01 02 03 04 05 06 0.7 08 0.9

sin2(®)

First oscillation
measurements

were done with
natural neutrinos:
atmospheric and
solar

| Am2, = (2.5£0.3)x107° eV?
[om], =(8.0£0.3)x107 eV’

¥, =33.97% deg
1, =451 8 deg




Completing the oscillation picture at
small dm? (solar)

Solar Neutrino Program

1998 1999 2000 2001 2002 2003 2004 2005 2006
] ] ] ] ]

Super-Kamiokande

I 7777227272222 [ 1]
Cl-Ar Borexino
- 0 ] 0
SAGE & GNO
I

KamLAND KamLAND Solar |
| IQDD




Results from the last SNO phase

SNO

6000 mwe
overburden

1000 tonnes D,0

12 m Diameter
Acrylic Vessel

1700 tonnes Inner
Shield H,O

Support Structure
for 9500 PMTs,
60% coverage

5300 tonnes Outer
Shield H,O

3 Reactions:

v.+e > v.+e ES
v.+d—>p+p+e CC
v.+d—>p+n+v. NC

3 neutron
detection
methods:
n+d—>t+y+625 MeV
n+CIl=>*Cl+ v+ 8.6 MeV

Image courtesy National Geographic

n+He — p+1+0.76°MeV



Neutron
counters

@
Results from SNO NCD Phase & Super-K
I U NN I NN DN [T SS——

_ 600 ----- ¢::l:'{5 68% C<L.

_ ¢::’ 68%,95%,99% CL.

Fluxes ~ 500
g
(104cm2s") £ 400 -
. S T T
Ve 167(9) S
VEs- 177(26) <  ePemorL
— ) )
004(438)\ = “0F 02° 68% C.L.
SNO o
569(91) 100 % ©8%CL
— ¥ 68% C.L.

O30 100 150 200 _ 250 300 _ 350
(De (x 10* cm2s))

All the neutrinos predicted
by SSM have been observed ReENCEEIES

\. by NC reaction




Kisi Primorskaya
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Mt. Ikenoyama

70 GW (7% of world total) is generated
at 130-220 km distance from Kamioka

g 500
S 4505—
5§ F
- 400:—
% 350:— . .
@ Effective baseline ~180km
300;—
250~
200;-
150;-
lOOE—
S0
05 _|—|_|u_|—||.—14¢|_|—t_._._|._
0 100 200 300 400 500 600 700 800 900 1000
Distance [km]
Reactor neutrino flux:
1000m rock ~6x10° cm™2s!
= 2700 mwe ® Japan

lat.
alt.

long.137° 1843.495"
36" 25"35.562"

358 m

® Korean
> World




Kamland - Energy spectrum

- —«~ KamLAND data
- — no oscillation
250 - — best-fit osci.
o - ] accidentzli()l
> 200 i | 13C(oc.,n) O _
0 - _?_=+: best-fit Geo V,
< — :ﬁ — best-fit osci. + BG
< 150 - : —i _+_+ + best-fit Geo Vv,
2R R N Y S
- [ v
o 100[ I-+-
ad - :
S0
O—I 1 1 I!fll 1 I | | llifl—lﬂl 1 I L1 1 1 I Ll | | I | I | Im

o 1 2 3 4 5 6 71 8
E, (MeV)

¥d Aq paydeooy / 685t L0S0AIXE |

-

From Mar 2002
To May 2007.

i.e 1491 live days,
2881 ton-year
exposure

Wroctaw, XI 2009 D. Kietczewska

Fit to scaled no-oscillation spectrum excluded at 5.1C

18



Kamland - oscillation signature

Oscillation pattern
for mono-
energeftic, at one
baseline

Best-fit oscillation
accounting for
energy spectrum
and reactor

14F o Data-BG-GeoV, =« CHOOZ data
121
2 -
= 1N
§ T
S -
£ 0.8 C
S o6f —F
N 1
»n 04
02F
0 :I I L1 11 I L1 1 1 I L1 11 I L1 11 I L1 11 I L1 1 1 I L1 1 1 I 1
0 10 20 30 40 50 60 70

Ly/E, (km/MeV)
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P(V, = V,)=sin” 2¢sin

distribution

h—

2 1,276m’L

1%



Solar Global KamLAND
20 ¢ T H
E___________-_n_..______________________________..:__4:q___
™ 15
x -
< 10 i 30
S AN E 20
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ittt nieletly By POt /L. S S I S ity Atk Wt n ,
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> 4 *  Dbest fit i i i
o 1071 FlL e
~ - ) | :
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< - ;| .
I 99% C L. | .
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2
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oscillation
barameters
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Borexino probes low energies

-!I-|

i — Ga Experiment Cl Experiment
1011 / pp—)‘ I::)I:l% P pancall =

101°;r Neutrino : ‘ * real time

109 |
: il 2 | - energy

1er - . | recon-

struction

1068 E 7F>_

Flux (cm=2 s1)

105_5
104
103 F

102

N
1051

Neutrino Energ



Stainless Steel Sphere BO rex | no

Nylon Outer Vesse

External water tank —,

Ropes— 5 )g%nlpr:er\:e deTeCTor'
L4 \ iducial volu
Internal '
PMTs ‘
» 278 tons of

Steel plates scintillator
for extra + 4 25m radius
shielding

* Experiment
requires extreme
purity from all
radioactive
contaminants

Located in LNGS - 3800 m.w.e. against cosmic rays

To explore:
- the vacuum-matter transition: untested feature of MSW-LMA solution

* possibly sensitive to new physics
* CNO neutrinos

22



From PL: M. Wéjcik et al. UJ

Wroctaw, XI 2009

Borexino
detector

D. Kietczewska ,




Wroctaw, XI 2009

D. Kietczewska

Borexino
detector




Borexino results after 192 days

4 0.6 0.8 1 1.2 1.4

1.6 1.8 2

"Be neutrinos:

Measured:
49+3stat+4syst cpd/100 tons

Expected w/o oscill:
75+4 cpd/100 tons

105 I LI | LI | LI | LI I LI I LI I LI I LI I
g\ Measured Spectrum
3 10°E —— All data after basic selection cuts
o — —— After fiducial volume cut
S -
- 10° —— After statistical subtraction of a‘s
w Expected Spectrum
D 102 - --Total Spectrum _-__7Be
8 - --CNO + pep 140
[ __llc 10c
> 10
0]
.
o
= 1 ~-t=
~
0
p 2
g 10—1 __________ 10
3 -
&)
i
-2
10 80(

400
Photoelectrons [pe]

[y
o

— Fit: y?/NDF = 55/60
|— 'Be: 49+3 cpd/100 tons|
— 21Bj+CNO: 20%2 cpd/100 tons
— %Kr: 29+4 cpd/100 tons
— 11Cc; 24+1 cpd/100 tons

o
L

1

Counts/ (10 keV x day x 100 tons)

Wroctaw, XI 2009

1 I 4 1 1 I L

800
Energ

1000
keVv

1200 1400 1600



Borexino (192 days)

- solar neutrino survival probability

------- MSW-LMA Prediction
------- MSW-LMA-NSI Prediction
------- MaVaN Prediction

B . SNO Data
E——--_-~-\\ . Borexino Data
[ ' 2 Ga Data after Borexino : :
- > No oscillations
=_---E'k _____ [ | [
& R from vacuum hypothesis
\\ \ S~ o -
0.5— | Sl A&7 | to matter osc (Pee=1)
- b AT excluded at 40
| Vs RS
o.af- o e CL.
| \ \ \N‘}
\\ \ -~
: -\—\ —————————————————————— -
0.3 RN
0.2_ 1 | A | L I 1 T R

After Borexino 1 E [MeV] 10

v

Wroctaw, XI 2009 D. Kietczewska



Borexino - !¢ background

Wroctaw, XI 2009

D. Kietczewska

Measuring 25 cpd/100 tons
of 1C
Major background for CNO
and pep

CNO: 5 cpd/100 tons
pep: 2 cpd/100 tons
Long-lived isotope

(30 min mean life)
Simple coincidence with
muon impractical (dead
time kills!)
Neutron must be emitted
together with 11C
Tag in coincidence with

muoh and neutron capture
(300 ps, 2.2 MeV v-r'ay2)7




Borexino - electron neutrino
maghetic moment

(i), 7

EM current affects
cross section O
Spectral shape sensitive

to |JV
Sensitivity enhanced at

low energies (O=I|/T)

Estimate

Method

90% C.L.
IO-|| uB

SuperK

B

<l

Montanino et al.

<8.4

GEMMA




All results from solar and reactor experiments

(large L/E)
seem to be consistently described by

V, =V,

Let's switch to
atmospheric and long-baseline domain:
smaller L/E and larger Am?

where V , —V_  dominates

Wroctaw, XI 2009 D. Kietczewska




Observation of A oscillation in K2K
KEK to Kamloka 1999-2004

no oscillations

- observed: 107 events
| T T T
=l 1 . SR ‘expected: 15172 events
8| best fit S 5L
3 o spectrum with o | 103.8 for
. neutrino 2\2 4| :
} oscillation S ’ : oscil.
T 3r | parameters
.k %g| consistent
g [ s K2K 68% : g
i i K2K 90% : with
ol ! 1 ===-- K2K 99% a’rmosph.
Eeutrino Energy (GeV) [ e SK L/E 90% .
; heutrinos
%2 04 06

30
roctaw, XI 2009 D. Kietczewska



MINOS

(Main Injector Neutrino Oscillation Search)

K. 6rzelak from
Warsaw University

» Two detectors
* Iron (magnetized) - scintillator sampling
calorimeter
* ND 980tons @1km, FD 5400tons @730km
 Far detector fully operational since 2003

Far Detector

s N\ |

Bliski Detektor MINOS Daleki Detektor
Fermilab, Illinois Soudan, Minnesota

e ——

735km

Near detector o e

/
Wroctaw, XI 2009 D. Kietczewska




: . 848 events observed
Minos results: CC events | J3 o0 °

Frtrt

—
O

MINOS Far Detector

* Far detector data

— No oscillations

-
o
o

—
T T
T

— Best oscillation fit

= NC background 1
Best Fit: _

|Am?| = 2.43x10-3 eV?2 |
sin%(26) =1.00

¢ MINOS data
— Best oscillation fit
—— Best decay fit ]
Best decoherence fit |

o
o

Events / GeV
(@)
o

Ratio to no oscillations

L

00 10 15 203050 00 5 10 15 203050

Reconstructed neutrino energy (GeV) Reconstructed neutrino energy (GeV)

P(vﬂ — Vﬂ) =1

MC gu ide to v, spectrum
intferpretation:

Unoscillated

Oscillated

Wroctaw, XI 2009

D. Kietczewska

Visible energy (GeV) Visible energy (GeV)




' 848 events observed
Minos results 5 S61omn ot

Consistent

~F results from:
P T T — - Super-K
e - K2K
B - MINOS
< 3.0, -
= N Y 3
qu - '\',\ l:‘?o 0.05:_ —: = Relative normalisation
|O = '.\’.\ E’ r E : Over:;I:hgar:r::c energy
: 2.5 II—_ s, ) Nfg 0.00— —E E Zreala::\;en:?:yronicenergy
(\l_ - T \— Z -0.05:_ —: ~ Cross sections
- - Ty S i ]
<] —_ ° illati T i) : _- 010G 5~ "0.01 0 0.01 0.02
=20 - MINOS best oscillation fit u:‘,_, - S(Sir(20))
[ = MINOS 90% - - - Super-K 90%\\ | SO |
~ | (?0)
1.5 —— MINOS68% o Super-K L/E 90% ] <
s - S
[ ——— MINOS 2006 90% ---- K2K 90% - <
1 O i | 1 1 1 1 | l | | 1 I | l | | I 1 1 | 1 ]
" 0.6 0.7 0.8 0.9 1

08 0.9 7 K 72

sin?(26)

still limited by statistics 33

sin%(20)

Wroctaw, XI 2009 . Kietczewska



3.36x102° pot

Minos results - NC data

Search for: V, Vi

| 1111 J]rrrr|rrrr RNData_BCC

Sne
—— FarD rb
ea gteCtO ata Bcc: przewidywane tto od wszystkich oddziatywan CC
Y13 T

Sne: przewidywany sygnat NC
0,,=0.21,8 = 31/2

Ereco(GeV) Npaa  Snc Bé“c BETC BEQC
v,-CC Background

o)
o O

0-3 100 1011 112 1.0 1.8(9.3)

3-120 191 980 642 35 11.8(24.6)
03 R-0.85+0.10+0.07 (0.78=+0.10 £ 0.07)
3-120 R=1.14+0.14+0.10 (1.02 + 0.14 + 0.10)
0-120 R=0.99 + 0.99 + 0.07 (0.90 + 0.09 + 0.08)

4
30
2

)

Am3, = 2.43 x 10°%eV4/c’
sin’(20,,) = 1

>
@
O
~
&
C
O
>
LLI

-
o

IIIIIIII|I
lllIIIIIIIIIIIIIIIIIIIIII

t!——

' I-I/Ilél - l20 25 l ‘ NO Sign Of:

Ereco (GeV) Vy — Vsreri]e.

Wroctaw, XI 2009 D. Kietczewska




MINOS outlook

s h Fop: — Dla 3.25 x 10%%o0t dla limitu CHOOZ
earch tor- [, —>w, oczekiwanych jest 12 przypadkow
sygnatu i 42 przypadki tta

Expected for 20x102° pot:

Far Detector MC MINOS PRELIMINARY - .
T Do chwili obecnej zebrane ponad
sin®(20,,) = 0.15 w— 0SC.V, CC

20.0x10% POT + =4=— Signal + Background 5)(1020 pOT. Do nGJbIIZSZZQO
— Total Background zamkniecia akceleratora na
. poczatku kwietnia 2009
oczekiwane jest 6.5x10%0 pot

k=
m
>
()]
)
Q
-
(7))
e 50
(«}]

>

wl

Obecnie oficjalny koniec zbierania
danych w 2010 roku, ale planuje sie
przedtuzenie (V. 1)

Reconstructed Energy (GeV)

Wroctaw, XI 2009 D. Kietczewska




LSND oscillations

LSND found an excess of ve in v, beam

® Beam Excess

PR, —V,.en Excess: 87.9 + 22.4 + 6.0 (3.80)

25 pRe)n
A less significant excess of v, was
also found in v_ beam.

To check LSND one should
preserve L/D:

LSND 0.03 km/0.05 GeV
L/E, (meters/MeV) MiniBoone 0.5 km/0.8 GeV

Wroctaw, XI 2009 D. Kietczewska




Decay

or 450 )
focusing hormn region Absorber m Detector

dirt

To check V, —V, at Am?~ 1eV2 (LSND)

- 8 GeV proton beam (Be target)
- E,~700 MeV, L~541m (L/E~0.77)

+ Mineral Oil Cherenkov Detector o
800 tons, 12 m diameter sphere V, candidate \iE
1280 eight-inch PMT's
240 PMT for VETO.
611,000 v events.

Wroctaw, XI 2009 D. Kietczewska




MiniBoone results - Aug 2008

Data/fit result after blind analysis complete...

1 Zeihiee  + MiniBooNE cata °
— -+ expected background
--- BG + best-fit oscillation
ﬂ‘ § — v, background

No sign of an excess in the analysis
region (where the LSND signal is
expected for the 2v mixing hypothesis

(=)

v, background Visible excess at low E

events / MeV
o

by
o

e
()

;:,i sin’(20) upper limit
600 900 1200 1500 3000 10 S et
reconstructed E, (MeV)

W
[

@ What does it all mean? There
are a few possibilities...

=+ Some problem with LSND, e.g.
mis-estimated background?

-+ Difference between neutrinos

and antineutrinos? W LsND oo CL

=+ The physics causing the excess - B LSNDSe%CL
in LSND doesn't scale with L/E? 10°? pp : '10.2

« Low E excess in MB related? sin’(260)

Chris Polly, Fermilab W&C, 1 Aug 2008




MINIBEOONE

MiniBooNe will most definitely
check the LSND result in terms
of neutrino oscillations - and
see whether this so far
inscrutable stone guest is the
messenger of god's wrath over
nfutrino physics or something
else

MiniBooNE is designed to have the
same L/E of LSND (~0.6
km/GeV) with different L and
different E, and also completely
different systematic errors
and experimental challenges

‘ -
-

FULL STATISTIC FOR FIRST OSCILLATION
RESULT (5.7E20 POT) COLLECTED BY JAN '06

A. Curioni - Yale U.



Extending the analysis to lower energies

|

|BRAI
il

* MiniBooNE data (stat. error)

— v, background
v, background

——

F —

g

IE]TIIIIIIITITITIIITIII T II-JITI I

1
il
|

-

reconstructed E, (MeV)

Only hadronic
process found to
contribute
significantly:

( - VLo 0 ,
\“l,p.nl—ﬂﬂl,p.n.'n LT =YY

v
W n°

p.n

/_X<

p.n

Wroctaw, XI 2009

- expected background (syst. error)

300 500 700 900 1100 1300 1500 3000

@ Original excess quoted in initial
oscillation PRL 98, 231801 (2007)

= 475-1250 MeV, 22 + 40, 0.6¢
- 300-475 MeV, 96 + 26, 3.7¢

In summer 2007 extended analysis
down to 200 MeV

-+ 200-300 MeV, 92 + 37, 2.5¢

@ Combined significance with proper
systematic correlations

-+ 200-475 MeV, 188 = 54, 3.5¢

Photonuclear interactions
- Absent in GEANT3

- Can delete a y in a NC piO interactions,
thus creating a single e-like ring

D. Kietczewska



TBL Analysis: Expected

Stacked backgrounds:

v
[ R
“E...... M
> 14 dirt events
212 R o Ny
o

- other
---- LSND best-fit signal
Ami=1.2eV?

800 1000 1200
reconstructed E  (MeV)

Chris Polly, ]

event totals

475 MeV - 1250 MeV

ve" 94
v* 132
° 62
dirt 17
A-Ny 20
other 33
total 358

LSND best-fit v,V 126

No DIRT cuts

Events / MeV

Wroctaw, XI 2009

[ Ve fromp
[ Ve from K*
[ v. from K°
B ° misid
[ JA—=Ny
I dirt

[ other

—— Const. Syst. Error

Events / MeV

l-:‘r}_:ﬁsﬁisfk_.l__
1 1.2 1415 3.
E%E (GeV)

Events/5 MeV/c?

MiniBoone -
backgrounds

Separating e fromp°®

T —

Monte Carlo Simulation—
— NC x0

® Daa
100150 200 250 300 350 400 450 00
Reconstructed Mass (MeV/c?)

With DIRT Cuts

[ Ve fromp

[ V. fromK*

[ v. from K°

B ° misid
ANy

B dirt

[ other

—— Const. Syst. Error

3.
EX (GeV)




Events / MeV

Excess Events / MeV

MiniBoone - extend 2 n fit to low E

- @

IIIIIIIIIl11]T]1] lllllllll

T

® MiniBooNE data

Expected background
BG+Best fit v,—v,

——— V, background
v, background

N

A ' l '
1415

ES" (Gev{

data - expected background
best-fit v,—sv,
sin°26=0.004, A m°=1.0eV?
sin®26=0.2, A m°=0.1eV?

E>475 MeV E >200 MeV
Null fit x2 (prob.): 9.1(91%) 22.0(28%)
Best fit ¥2 (prob.): 7.2(93%) 18.3(37%)

Adding 3 bins to fit causes chiA2 to increase
by 11 (expected 3)

Can see the problem...the best 2v fit that

can be found does not describe the low E
excess.

After a review of all backgrounds and

errors with emphasis st low E:

* no change to the analysis > 475 MeV

* the excess at low E is still >3s and
remains a mystery

42




MiniBoone - summary

MiniBoone rules out at 98% cl the LSND result interpreted as

Now they are running antineutrinos to check [V, —V.

This leaves us
with only 2
experimentally found
mass differences

]

3 mass states

Wroctaw, XI 2009 D. Kietczewska




Global analysis

on the basis of the data presented at Nu2008
T. Schwetz, M. Tortola and J.W.F. Valle, arXiv:0808.2016

| I | ! ' I I I I ! | I ' I | ! _ 5 —I L | | L I | L L] I 1 1T 1
- solar : . i -
15 — i -
N; i _ c\l; 4 [ -
S0 i 1l BG 3: i
1 (f) — —
o 10~ 1Mo .
— i _ — 2 N _
N N i 1l PN i |
E 5[ Re ¢ -
B 7 < 1 B _
i : _ - ~ atmospheric -
0 i T R S | T R I i 0 _I N I A | I N |_
0.2 0.4 0.6 0.8 0 0.25 0.5 0.75 1

. 2 . 2
sin 612 sin 623

Wroctaw, XI 2009 D. Kietczewska 44




[10° eV

2
31

AMm

5 _I II I I | L | I | | 20 T T T T T T T G | b l
: 90% CL (2 dof) [ = solar+KamL /] obDa
- lobal . | -~ atmLBL+ 7]
4 g — i CHOOZ /7 I 3
B i 15 || —— global // - ana S'S
3T SK+K2K+MINOS 1 Vw3 1o [ K
] <] . ]
2 ~ N il on the basis of
i S B
E . : the data at Nu2008

.2
sin 913

T. Schwetz et al.

||

X1 arXiv:0808.2016

parameter best fit 20 30

Am2, [10~%eV?] 7.657035 7.25-8.11 | 7.05-8.34
|AmZ, | [10~%eV?] 2.4070 13 2.18-2.64 | 2.07-2.75
sin® 015 0.30410922 | 0.27-0.35 | 0.25-0.37
sin fag 0.5070 0 0.39-0.63 | 0.36-0.67
sin? 0y 0.01501 < 0.040 < 0.056

.
sin” 20,

Wroctaw, XI 2009

<0.15

D. Kietczewska




Status of: Neutrino masses

Normal hierarchy Reversed hierarchy

ve Il
v [
v: R

ﬁmszol 2
Bl v Amé > () I I v

Already measured: To be measured:

Am3y|=(2.4%0.1)x107 eV’ sgn(Ams;)

And improve
precision of:

%aﬁ)«&)@ i 02 )X 1 0_5 e\/Dz. Kietczewska

2
‘Am23 4




Co juz wiemy o neutrinach?

3
40 meV <Y m, <2 eV
i=1

* Neutrina maja mase:

=)  znaczacy wkiad do bilansu

3
2 ~
energii Wszechswiata Q,2 Zml- /93h” = 0.001

i=1

| log m2
*  Neutrina mieszajq sie: —

}Am223 ~ 2.4 x 103 eV2

F Am?, ~ 7.6 x 105 eV?

Wroctaw, XI 2009 D. Kietczewska




Jaka jest Jaka skala?
hierarchia mas?

1eV tlog m s

2
 log m

. Uy V,

Wroctaw, XI 2009 D. Kietczewska




stoneczne atmosferyczne

sin” 209, =1.02£0.04  (37°-53°) - czy jest maksymalny? Ktéra éwiartka?
sin® 2%, =0.84+0.03 (¥, =33°)
sin® 20, <0.14 at90%c.l. (,<10°) - czy zero?

Trzeba zmierzyc: 1923 <- dokfadniej

1913 ‘e e A czego Sie
Wroctaw, XI 2009 S oczekuje?

D. Kietczewska




| 63 modele, arXiv:hep-ph/0608137 |
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<~ COHSW ™= /
] > CHORUS K Eks per*ymem‘y
e NOMAD ‘ Nie .
Ay oeo® . neutrinowe
10° N stwierdzono . )
"""" oscylacji plerwsze)
- za mate L/E gener-acji
103 i
KamLAND
95%
—6 "
10 SuperK .stoneczne
P (v >v.)=si 299 gin? 1.27Am; L
= Sin - S1n
10_9 | vac \ " o B E
Al Hmits are at SOCL Particle Data Group, 2008
10—12 l |

1074 1072 10° 102 51




Dotychczasowe pomiary oscylacji

Dla neutrin stonecznych
i reaktorowych przy duzych L/E
(KamLand) dominuja; Ve, %Vur —

Dla neutrin atmosferycznych

i akceleratorowych przy

(stosunkowo) matych L/E

(K2K, MINOS, OPERA, T2K) y S )
dominuja: ¢

Wroctaw, XI 2009 D. Kietczewska




How to measure 0

We need:

2

atm

- an experiment sensitive to Am
i.e. L/E ~500 km/GeV

- involving Vv, or v,

+ Reactor V, —V,  disappearance

. . .+ 2
e.g. Chooz - the best current limit: sin” 21, <0.14 for Am} =0.025 eV?

- Accelerator V. V. appearance

2 1.27Amf5-L

- 2 - 2 .
PV, —>V,)~sin" 20; -sin” ¥, -sin =

at one of the prob. max: £, (v, —v,)=1sin’ 24, Sensitivity to
a signal of a few%
Wroctaw, XI 2009 D. Kietczewska iS needed 53




Jak mierzy¢ ¥,

Potrzebujemy:

> eksperymentu o L/E
odpowiadajacego /" um

> przejscie od/do v, or v,
> duzej precyzji (kilku procent)

* Reactor V, -V,  disappearance

2 1.27Am]23~L

— — . 2 .
P(v, >V )=1-sin"29,,-sin .

“* Accelerator v, — Vv, appearance

.2 . 2 . 2 1.27Am}, L
P (Vu — Vv )=sin" 29, -sin” 9, -sin ;

vac
2
+f(5CP,sgn(Aml3))
Wroctaw, XI 2009 D. Kietczewska




CP violation

PV, —V,)=08,5—4> Re(U,U,U, Uy, Jsin’ A,
>

+2> 1m (UpUpU, U, Jsin 24,

i>]

- for neutrinos
+ for antineutrinos

CP violation can be observed only in appearance experiments
because :

Im (U,,U,U,,Ug; )=0

i~ Bi~ aj

for a=p

Wroctaw, XI 2009 D. Kietczewska




How to measure sgn(Ams,)

. due to a difference in interactions of V (V) of different
Matter effects: flavors with electrons:

L 2E(AV)
- "‘ om” * el different sign for V' and v

AV:ﬁGFne

" 2
Good news: matter effects are sensitive to sgn(Am32)

Bad news:
matter effects
can mimic CP . e " sin® 29,5=
violation in vacuum A N v : 0016
' Co N 0.005 Q)
. - ® a2 \-\\'.-4-'. \
Note: =1
matter effects .

. L, e
gr'OW W|Th ener'gy sin’26,, = 0.05
Wroctaw, XI 2009 , ~ ; ] A L

<Plv, =>v)> % <Plv, =>v,)> %
from .Nona" propoSt V




Golden channels: v, ©v, and v, &,

A 9 AIZ *
By expanding in: % /4. one gets: . peutrinos

- antineutrinos
P, ov,)= 55, sin” 28

+ 3y 8in” 20, ' solar term

A, A .
+]—2 2"sm(

A B, CP violation

L - baseline: A Am; hopefully not too small ¥,

i

s; = sin >

e G = cosﬁij

B, =|AF Ay matter effects

A4=+2G,n,(L) —> sensitivity to
mass hierarchy

J =cost; -sin2d;; -sin28,; -sin 28,

For reactor exp. LA«li.e:

P(V, <>V,) =sin” 28 sin” ¥y sin” (A ;)
D. Kietczewska 57

Wroctaw, XI 2009 No ambiguity: independent of & and mass hierarchy




How to measure...(cont.)

Reactor experiments which have relatively short baselines
and very low energies will measure:

sin® 2¢%, down to ~0.01
but not:

5, sgn(Ams), nor Am’, sin® 23,

A number of different sites for reactor experiments are considered:
- Brasil, China, France (Double Chooz), Japan (KASKA), Russia, Taiwan
and USA (Braidwood...)

Complementary to accelerator experiments

Wroctaw, XI 2009 D. Kietczewska




Chooz Nuc]ear Power Station
2 cores of 4.27 GW,, each

Ardelll&F @ty hep efi405032

Near detector
400 m

T. LA3sBIfEC3616%18008

Far detector

1050 m

6000

5000

S
S
S

N (500 keV bins)

3000

g

Tz e* spectrum

x r  Far Detetector

Stat. Errors

4
©
@

Far/Near Ratio (500 keV bins)

14

w©

S
T

0851

Far/Near ratio

2 3 4 5 6 7 8 9
E s (MeV)




Conclusions & outlook

* Double Chooz Far integration Started in May 08

» First goal: measurement of 0,,

2008-09 - Far Detector construction & integration
Middle 09 -> Start of phase | : Far 1 km detector alone

sin?(20,,) < 0.06 after 1,5 year (90% C.L.) if no-oscillation
2008-10 > Near Lab Escavation & Near Detector Integration

2011 - Start of phase Il : Both near and far detectors
sin?(26,,) < 0.03 after 3 years (90% C.L.) if no-oscillation

» Faisability study on non proliferation with Double
Chooz near detector ongoing (see N. Bowden’s Talk)

Wroctaw, XI 2009 D. Kietczewska




Daya Bay Collaboration

+ASIA" (=China, Taiwan) - 18 inst.
US - 14 inst; Europe (Russia, Czech Rep) - 3 inst

The Daya Bay Nuclear Power Complex

* 12th most powerful in the world (11.6 GW,,)

* One of the top five most powerful by 2011 (17.4 GW,,)

- Adjacent to mountain, easy to construct tunnels to reach underground
labs with sufficient overburden to suppress cosmic rays

PEARE b 5T A 3 GWth generates

19‘, 20y
6 x 102°V, per sec

with Gd

61




e‘?ﬂ”y op e o
Sensitivity of Daya Bay

Far (80 1) Goal: Sin226,5 < 0.01

- Use rate and spectral shape
- input relative detector
syst. error of 0.38%/detector

LA (40 1) 90% confidence level
5
s 1
DyB (40 1) ‘% 4.5 i — Chooz
@ ! Daya Bay
4
- o[
—— ;X 3 3
M | "5 Y —
é‘ .03 - -é 2.
S ;
E o02f \ E <\
N | asp &
A oo f | E N
T : |
n_mg.. ...-l. PR R ...l...'!' 0.5 lllllli 1 | IIIII 1
2010 20M 2072 2013 M4 s 206 10 2 10—-1

Year

Daya Bay Near Ling Ao Near Far Hall
Baseline (m) 363 481 from Ling Ao | 1985 from Daya Bay
526 from Ling Ao IT | 1615 from Ling Ao

98 112 350

Overburden (m)




Long haseline experiments

Physics is well understood
(see oscillograms)

LBL industry

Lindner & Co

-

sensitivities




Program for long-baseline experiments

(next ~10-15 years)

Measurement

Method Experiments Why?

2
‘Am3z‘

Uss
Ui;

Hierarchy

ep
Wpiaw. X250

v, disapp. Minos Better precision
for further studies

as above T2K, Nova Max. mixing
(a symmetry?
or which octant

V, appear. Minos, T2K, Nova =0 ? A symmetry?
Essential for
v, disapp. Reactor Hierarchy and CP

= Unification,
e e T2 KK, Super"Nova: LepTogeneSis,
appearance ~BNL" Q

Vv

T appear.D. Kielcz@RERA To checké4
oscil. scenario




Akceleratorowe eksperymenty
drugiej generaci

- Silne zrodta neutrin
- Wiazki ..off axis"

T2K Nova
site Japan USA

beam od 1/04/2009 NuMi (upgraded)
E, (peak) 0.76 GeV 2.22 GeV
distance 295 km 812 km

Far detector Super-Kamiokande to be built
of mass (FV) 22.5 kton 14 kton

Owing to higher energy and larger distance, NOvA will have a three-fold
bigger matter effect.
Combining the NOvA and T2K results will facilitate the separation of CP
from matter effects
Wroctaw, X1 2009 D. Kietczewska

fal =~
OJ




T2 K J-PARC accel.

PS:
" " T2KI: 0.75 MW
(Tokai to Kamioka) e
(20xK2K)

12 Countries

Canada, France, Germany, Italy, Japan,
Korea, Poland, Russia, Spain,
Switzerland, UK, USA

60 Institutions, 300 Ph.D. members

Z Polski okoto 30 osob z:
IFJ Krakdw
: IPJ Warszawa
be?.;:\ r,dbe:;%?ed Politechnika \/yar'szawska
Uniwersytet Slagski
Uniwersytet Warszawski
Uniwersytet Wroctawski

phase T
and phase ITI:
4 MW@
Hyper-Kamiok.
and Korea

beams-eve view

Data taking starts in 200

D. Kietczewska
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T2K Off Axis Beam

P Decay Plpe
_——
i | I 0 '

(0]11] 1 40m 280m

Muon monitors @ ~140m

First front detector @280m

Second front detector @ ~2km

Far detector @ 295km _ .

- Super-Kamiokande Kinematics of T decay

043-FE
k, = Y
1+7y°60

Tunable at 06651 15 2 25 3 35

GeV
oscillation max .
Dp'-B d gree NeL'Tr.lno ener.gy

DAB 3 j]wﬂ

Reduced tail at high v energies helps

Wroctaw, X1 2009 " . D kid To reduce backgr'ound due to 83
UaS| mon romati m .
onochromatic bea pr'oduchon




25Hz,330m
H- 181MeV

% 3GeV Synchrotron (RCS)
Neutrino Facility , 25Hz, 350m,
Neutrino to Super-
Kamiokande

. AT .-.YA":..I
Material/Life
Science Facility

30GeV MR
0.3Hz, 1.6km,
0.75MW

- Y2007 Beams

. | =—=JFY2008 Beams
| ,_JFY2009 Beams Joint Project betweend{EK and JAEA

Bird's eye photo in January of 2008

(
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T2K Neutrino Beam-line

® Completed the beam-line construction  [2004~2009, 5 years]
(Horn-2,3 to be installed in this summer)

Muon Monitor 48 g Target
monitor v beam direction by ‘,/ | : i | - NS
X: KW .

Muon profile

. B g 30GeV

Near detector  ° \

(to be ready
by end of this year )

O' . 50 100 (m)

L1111 |
i VecayVqume/Vump Super-Conducting Magnefs

Near Deie”to beam dump gecay volume :arge't station

— Homn | proton .
e I rimary beam line
l - e i‘-:,-:*-(—p - \\,
target \
VWroctaw, X muon monitor . J-PARC

<FA



T2K neutrino beam-line starts operation

Muon monitor signal
at 1st shot after SC turned on

0 zoovs @ 2000/ @ 200/ Q@ 5009/ 3.0608 10008/ [ Trgd? % ~4507

ion chamber

silicon detector

scintillator
(for commissioni

Unlity Meru
1”0 File Explorer | Options Service Language
~ ~ ~ ~

proton profile just in front of the target
after 9 shots beam tuning
(fluorescence plate)

Commard Maru
paune i ime] feseinny] Sove Cumeat mage| £x1]

QTR Mty leages OTR Carert Evert | Fontin Mmuey | Signa ke |

We successfully started to produce neutrino beam

Wroctaw, XI 2009 D. Kietczewska




Possible Future

" neutrino decay 2

= volume - Magnet

coiks

|V T | ol
Wroctaw, XI 2009

. Tracker
Pi-zero

Detector




Poszukiwany sygnat w \
Super Kamiokande: Vv, —V.

Tto od oddziatywan:

v N>v Nr’ |
u u

Rowniez w wigzce [
jest domieszka v, |
- okoto 0.4% Vv,

Detektor Super Kamiokande dobrze
zbadany. Z duzq efektywnoscia rozréznia
elektrony, miony i niskoenerget. T1°

Wroctaw, XI 2009 D. Kietczewska




T2K - search for Yu 7V

In Super-K detector:

Signal:
* 1ring e-like event (CC QE sample)
Background:

beam N, contamination (0.4% of N_)

_.';_
I

- mis-reconstructed p¥ events (produced by n,)

Wroctaw, XI 2009 D. Kietczewska




iw, XI 2009

Conceptual design

UAAl*mgnet
02T

inner volume:
3.5x3.6x7.0 m3

Pi-Zero optimized
for 70 from NC

Tracker optimized
for CC studies

surrounded by

ECAL and
Side Muon Range
Detector

———_"’
v beam

D. Kielczewska

Om off-axis detector

SMRD ECAL

- ——

TPCs

Magnet + Side-MRD

A
H

Magnet + Side-MRD

Muon ID hodoscope




Installatlon at ND280 (Apr-Jun 08)

%ker> asselngﬁi-y”

Yokes installation
(open position)

Coils 1installation




Grupy polskie wspdétodpowiedzialne
za detektor SMRD

SM RD . Magnet yoke: 17 mm air gaps between iron plates
: : 6 lav=ars of the gaps instrumented with scintillator slabs

Sci Slab: abc.t 4000 slabs
Length = ~ 87 cm S-type configuration for fiber readout

Width = ~ 18 cm both-end readout using multi-pixel Si APD's
Thickmess = 10 mm

Beam test with 1.4 GeV/c pions
S-shape grooves il Light yield 15-20 p.e.
Depth 4 mm L
L Timing (o) 1.5—-2.0ns
ength ~2.5m )

space resolution 10-11 cm
Y11, double clad, efficiency (MIP) > 999%
1 mm diameter

a (ns) 4.9
b(ns) 0.485

time resolution

c,_(ns): a +b
Nu_

SRR PR DWW

D o bk o oo b

-
= O

-t
5

30 35 40
Lignt yieid (p.e.)

Light yield/MIP ZGkO”C?Y|'3mY
instalacje

modutow
w lipcu 200978

n

Light yield, p.e. MIP
8

Wroctaw, XI 2009




First neutrino event in ND280 (INGRID)

INGRID first neutrino event candidate

Side view

50 100 120

Nov. 22, 2009

MR Shot #19655
T2K Spill# 241792




T2K Sensitivities

v, disappearance

v, appearance

-2
x 10

3 = I
§ 150 [ RN =3 ,5,--5--?--55:—;,-? 2 - — "

FEal: \\ ) AmEsE §§;‘1§a§v’2 Eog [ Stgt. only (OAZ5 ]
b \ Ltz i Al 29
o sinfad iz 1 | 141 — i
= 100 | LN | e mbdmong év? B ;
Q = A 1 I - i
") - // A : : :
% -so | 254 imHs=3.0010 T ev? 0-28 ' ' :

- — b e———— !
o -180 F 4 Y n e : B
© 150 S \\ N / Si?’l':ze 3==1 - — :
-1so f N/ T TAmT1228.2x10°° ¢V 0.27
01(._3 o ..... *a“"m‘*”“s.nzz%' "
50 | 0.26 [
0.25 — :
o v b by b a

0.98 0.99 1 1.01 1.02
sin? 20
Goal

d(sin?2q,,)~0.01
>10 times improvement above CHOOZ ( %23) B
Wroctaw, XI 2009 D. Kielczewska d(Am,;2)~<1x10




Sensitivities to 1913

Chooz Excluded
“MINOS

«.

World limit Ne?,

-

Mezzetto




T2K Sensitivities

VIJ disappearance

Current precision'

e [ b [ b
0

Am21 [10 eV 7.65 0% 7.25-8.11 | 7.05-8.34

[Am3, | [10-%eV?] 2407517 AR RPACYNEIN T Schwetz et al.

sin® 6y 0.30470%2 | 0.27-0.35 | 0.25-0.37 |MURQAYUIRAGT

sin? fag 0.507 00 0.39-0.63 | 0.36-0.67
sin? 64 0.0175:018 < 0.040 < 0.056

Goal
0(sin?26,,)~0.01
O(AM2)~<1x104 eV?

D. Kietczewska




NOVA

6 countries:
Brasil, France, Greece, Russia, UK, USA
27 Institutions

Fermilab

.

» Upgraded NuMi beam in Fermilab
1 MW after 2012

> Far Detector at a distance of 810 km
* 14 mrad off-axis
= Liquid scintillator in 14000 PVC
extrusions (about 14 kt)
» 24% effic. for n, detection
= start of construction in 2010

Far detector

> Near detector will be built in MINOS
access tunnel (moveable to
sample different backgrou#id)

D. Kietczewska




- Baseline: 810 km
-<E . 2.22 GeV

& + ] B 1 v, —+v, Normal Hierarchy
S + 0.08— ¥,—V, Normal Hierarchy
« On axis ¢ ] N LK I PP v, —v, Inverted Hierarchy
+] — - 3] fF Y | eeeeees v,V Inverted Hierarchy
== 14 mrad off—am_s >q, 0.06 — n e sm3l2
e X 7 e S
" L IR T T L il T RS P
a I S et
6 8 10 0.02—~
E, (GeV) B
% 1 2 3

» Thanks to a longer baseline and higher energy Nova has better

sensitivity to matter effects and mass hierarchy than T2K
»Nova and T2K are complementary: comparing results allow to
disentangle true CP effects from matter effects 84
Wroctaw, XI 2009 D. Kietczewska



New ideas for CPV sensitivity

Need to solve the problem:
CP violating solution can be confused with CP conserving one
due to unknown mass hierarchy

 T2KK - Japan to Korea experiment

* two detectors on the same beam (J-PARC 4MW )
(identical detectors: FV=0.27Mton, water Cher.)

- spectrum analysis (the same beam spectra)
* 4years v +4years V, (if sin’20;>0.03 (0.055) at2c (30)

» Super-NOvA
+ 2 detectors at the same (L/E) (but different
baseline and different of f axis angle and thus
different spectra)

| Minakata & Nunokawa, Phys. Lett. B 413, 369 (1997)
D. Kietczewska Ishitsuka, Kajita, Minakata, Nunokawa, hep-ph/0504026
Wroctaw, X1 2009 Mena et al., hep-ph/0504015, hep-ph/0510182




T2K - faza 2

n  T2K-

'\T eshic-gawsa

g 306€V PS

[
& NORTH KOREA fﬁ
@Hamhu

Pyongyangfg

| ) b KK Joo
Anyang = ' e 12 o) 7 i W
Taz;):g KORE-;S’Q;“O??f gLl ” 2 }hdnazawao 0, _ l,_ "4 : l’v ‘: A : SeOUI
Chinj jETaegu G;Matsue FUKU'{_ | Ky ! N ati on al
) H|rosh|ma@;|'<_u,r;€h~_h‘}mﬁ € Fnamatsa zi 25 ¥ ' UniverSit
KltakY“Sh%Er Tokushima® W’a;gam - i y

wangju asan
G)Mok“’/%Pusan

Fukuoka'g Kurume @'chl'ﬂ .

@Négasakl

i Mblobeoka ;"", o

~r _@ ivazaki 1 " 2 | .

@""’?"S"‘ T i An International

: oo . Workshop on a Far
INA SEA e g ¥ _ .
s 'OKANDE‘ : ' ‘ SRR Detector in Korea for
u -
the J-PARC

Neutrino Beam

,_,...,v..-/ AN g
v ,/W \____ T ’\/\/‘ e @KIAS

Noguchi-Goro
2. 02‘-

water equiv

Wroctaw, X1 2009 D. Kietczewska 86
2005/11/18




T2K2-Korea?

Detector,

2.5 deg. off axis
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Fvents/hin

100

_“ "y 1559 knj,

1300.km =
FNAL

DISAPPEARANCE

2 7O
BNL-HS 2540 km 3
J
sin’26,, = 1.0 e
2 _ -2
Am” 3, Ze-3 e\ 50
1 AW, 0.5 MT, Se7 sec
No oscillations: 13290 evts 40
- With oscillations: S936 evtd
20
————— Background: 1111 evts
20
10
g ddass: cadicag e it RS E IR g in g b - 1 . o
3 4 s 6 7 8 ° 1cC

Reconstructed v Energy (GeV)

Very Long
Baseline

DUSEL
- underground lab
in Homestake
- 500 kt detector

ve APPEARANCE

. CP -45°: 318 evts
+ ____ Totft Backg.- 146 evts

BNL-HS 2540 km

Sin"26, (12,23,13) = 0.86/1.0/0.04
Am 2 (21,32) = 7.3e-5/2.0e-3 eV
1 MW, 0.5 MT, 5e7 sec

___ CP 135°- 632 evts
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Podsumowanie

W poszukiwaniu ukrytych symetrii chcemy:
% Zmierzy¢ precyzyjnie 3,;- czy jest doktadnie 45°?
< Zmierzy(¢ precyzyjnie 33- czy jest dokfadnie O°?

» Bada¢ symetrie CP w sektorze leptonowym (Leptogeneza??).
W tym celu musimy:
> zmierzyé najpierw 35
> ustali¢ hierarchie mas neutrin (normalna czy odwrdécona)

Konieczne rézne eksperymenty:

- Faza pierwsza: T2K, NOvVA, reactor experiments (93)
- Fazadruga |5,

T2K wkrétce zaczyna zbieraé dane




Summary

In a search for underlying symmetries we need to
» Measure more precisely 3,3 - is it 45°?
» Measure more precisely 33-is it 0°?
<+ Study CP symmetry
For that we must:

» measure 3,5 in order to design a roadmap for searches of CPV
» determine the neutrino mass spectrum hierarchy (nhormal or
inverted)

From the experimental point of view:
Various approaches are needed to resolve degeneracies:

* First phase: T2K, NOvA, reactor experiments (93,
* Second phase |

T2K: Japan to Korea
Nova: 2 large off-axis detectors




hep-ph/0504026

J2K - 2 identical detectors

1 detector of 0.54 Mton in Kamioka
Ir'ue 13)

How to lift 4-fold degeneracies

[& - in: CP phase & and sign(Am?,)

Analysis of data expected after
8 years total of 4MW beam:v and v

The contours crrespondto different
c.l. solutions

With 2 detectors
Assumed set

of parameters Result

Left panels: only true solution
5==2sin’20%; =0.02, Am;; >0 found
Right panels:
5= sin°21, =0.005, Am’ >0 Some degeneracy
remains

eiczewskaThis is due to spectrum analysis
CP phase &




J2K - 2 identical detectors

* When going to the second max the rates alone not a solution because
although CPV effect gets larger the matter effects stay approx the same
* However the spectrum modification is very sensitive to sign(Dm?)

Kamioka Korea Korea (w/o matter)

6 :I 11 | I I T I | |::| | I I I 1T I | |::| | | | | L | L (5, Sinz 2?913)
3’?» 5 E_— True sol. :iim (fglu):l ;;— —g .
‘:- 4 = =« » Samesimsol (24,0022) — — TF'UZ SO'UTIOH (p/4l 0'02)

o [ wem wem MNixedsiznosoll (2.64,0019) O - .

/? 3E Mixed sign sol.2 Eo.:u.o.ozl)éz—l'\ —= Same sign sol. (24, 0022)
S22F =AW =\ Mixed sign sol.1 (2.54,0.019)
T 1Eein = =AY

0E s : |.T‘H§ ' -
- — - u -
— 4F — = —
=5 3 = E From the rate only
52 2E - = E analysis at SK one gefts
A . = 3 N = only 1 degenerate

S b b b 7 F o Lo ety = c c
0 e
D4 06 08 10 04 06 08 1 04 06 05 1 12 EECUUTTR TN gl T¢Il

Neutrino Energy (GeV) parameters.

hep-ph/0504026



Very long baseline scenario (BNL proposal)
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Intelligent Design of Neutrino Parameters?
(after A. Friedman)

The optimum choice for bm?,;?

Such as to give full oscillation in the middle of the range of
5033|b|e distances that atmospheric n's travel to get to the
etector

= done, Dm223 =25 x103
eV?
The optimum choice for sing,;?

Bi/qArenough so that oscillations could be seen easily - done, g,3 ~
p

The optimum choice for Dm?;,?

Such as to give transition from vacuum to matter oscillations in

Tl‘\\/% middle of solar energy spectrum - done, Dm?;, = 8.2 x 10-°

e

The optimum choice for sing;,?

Big enough for oscillations to be seen in KamLAND - done, ~0.8
% The optimum choice for sina..? :
Sn But the acid test - will a;;3 be big enough to see CP
12000 Violation and determine mass hierarchy? !

Wroctaw
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Amplitude [arb. units]
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Od tego czasu ponad 20 prac (.teoretycznych”) i 2 dosw.

0807.0649
(w Berkeley)

142Pm - kanat EC

e Data
—— Dest fit
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Krytyka autorow z GSI: rozpad w osrodku (3 ciata)

kilku fizykéw niem. i austr. (+ H. Lipkin)
usituje (pr'zekonac wszystkich 5pozos‘rcﬂych Ze mieszanig

Wroctaw, Kietczew

neutrin jest w stanie wywo’rac oscylac jew EC.
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Aktywnosc 2%°Ra (rozpad alfa) mierzona przez 15 lat w

Physikalisch-Technische Bundesandstalt (PTB) w Niemczech

- P 226 i
BNL ““Si and PTBD‘ ?a Data with Earth-Sun H. Siegert, H. Schrader, and U. Schotzig, Appl. Radiat.
iIstance [sot. 49, 1397 (1998).
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Istnienie takich efektow moze wyjasnic rozbieznosci

w wielkosciach czaséw zycia mierzonych w réznych czasach
(np. 32Si, 44Ti, 137Cs),.

- moze aktywno$¢ izotopu zalezy od odlegtosci od Stonca,
czy jego aktywnosci.

Half-life of *4Ti

Moreland et al.
48.2 (9)

II
Wing et al.
46.4 (17)

1970

1980

Present }
66.6 (16)

{

Frekers et al.
54.2 (21)

I. Ahmad et al., Phys. Rev. Lett. 80, 2550 {1998).

59.2 + 0.6 yr (1o error)

44Ti wazny dla datowania meteorytow

D. E. Alburger and G. Harbottle, Phys. Rev. C 41, 2321
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