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What we know about neutrinos

3 flavours e,u, T, weakly interac

Flavour universality = interactions ar

Neutrinos oscillate = flavour can cl
Massive but very light!

Squared mass differences r

Am;,=+8x10"eV*
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Neutrino mixing matrix

Relates weak states ly; i

0 0 H cosf, 0 sinB.e % : Heos 6, sin
cosO,, sinf,, EIIID] 0 1 0 E@' sin@, «
—sin6,, cosb,, H gsinf.e ™ 0 cosb, [ H o

10spheric” “Reactor”
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Neutrino mixing matrix

Relates weak states lff;

Vs

9 _ Connection!

0 HH cosé’13 O@HHCOS

cos@,, sinf,, EIID (1 sin 912 I

—sin6,, cos 923H 0  cos 913 : H 0

8.~ 45O B, <7°
| “Reactor”
Chooz
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Mass states lead to oscillations
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Mass states lead to oscillations

Since they
propagate at
different speeds
they will shift in
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dhase as they go
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What we don't know about neutrinos

Absolute mass!
Mass hierarchy

Dirac / Majorana nature? LN-vi

Value of the CP-violating phze
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Mass hierarchy

1
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Structure of the mixing matrix

The matrix elements seem to indicate a
scenario, meaning 2 is an even mix of e,
even mix of Y,T

273 1/+/3
Upyins = k—l_:"' V6 1/v3 1,.-‘#@J

1/3/6 —1/4/3 1/+/2

how close to this ideal ce
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Dirac or Majorana

Neutrino masses introduce L-R trai

If neutrinos are Dirac particles there shoul
(unobserved) neutrinos N aside of the C

U, Ny Op, N

If they are Majorana particl '
N, =4
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CP violation

Implies that the amplitudes for the (vacuu

=
vV, 20 L, T

are different due to a non-zerc

- (CPT conservation demands that
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Recent results
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Neutrino interactions

Better precision needed for

0SC. experiments

e EXxperimental results seem to

diverge

Measure flux X cross-section
MiniBooNE/SciBooNE data

W\ Single Pion

10 10
E, (GeV)

ONBORONBRO

—_—p— MNOMAD data with total error

HIF SciBooNE data with preliminary error
1
[- T.i‘r_,_*_.

i s T s L B B

——a—— MiniBooNE data with total error
RFG model with M;=1.03 GeV,k=1.000

RFG model with M =1.35 GeV,x=1.007

aSiE|aSt|C Free nucleon with M, =1.03 GeV

wh
S
-
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MINOS long baseline

Far detector

 Muon (anti) neutrino beam experiment -5 KTon

* Fermilab NuMI beam line, L/E 500 Y <
km/GeV BT

* ND 1 km, FD 735 km
» Measure v, and v, disappearance,

osc. vs decay/decoherence
‘Mixing to sterile neutrinos? &
C disappearance?
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MINOS disappearance results

- oscillate to tau and | e MINOS bestfit — Super-K'90% |
“disappear” from
‘beam (=undetected)

| —— MINOS 90% —— Super-K L/E 90%

-=-- MINOS 68%

i ?2:-:11]3" F'DT fldumal events
[l 1 [l I [l ] 1 []

085 09 095
sin20
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MINOS disappearance results

— MINQS vu 90% — MINOS v, 90%
MINOS vu 68% MINOS v, 68%
® Best vu Fit ® Best \ Fit

The two regions
~only just overlap

S

Uncertainty
ominated by
|st|cs -~ more

W

MINOS Preliminary
1.71x 10% POT V,-mode

2r 724><:102 F'IO'II'v -mode
05 0. 6 0.7 0 8 0. 9
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 Normal hierarchy
sin“(20,,)<0.12

Inverted hierarchy
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appearance results

G. Wikstrom, U. Geneva

i = MINOS Best Fit
{10 68% CL
: [l 90% cL
~CHOOZ90%CL 1
2sin®9,,=1 for CHOOZ -

Am? < 0

MINOS ]
7.01x10* POT]

01 02 03

2sin’(20,,)sin’0,,




e Beam of muon  Important for the
neutrinos produced at exclusion of exotic
CERN models like decay and

decoherance etc.

e Beam observed at
LNGS (L = 732 km)

e Goal: to observe the
oscillation to tau
neutrinos
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LSND anomaly (2001)

® Boam Excess

SSeox3 weag

spheric
V= Vx
Solar MSW

Atmo

———
wm@w@r%%@ &5
]

b

%
‘gé.‘. "\€‘ L7 €
@3@@@&@% 83

W
e

3
S
=
2
)
£
_.._.._v
N

ATk, TR d..i..&\o#m
WQ @ ¢$®féo%a
o aele! oo#%.,

21

G. Wikstrom, U. Geneva

Patras Workshop Ziirich, 8 July 2010



MiniBooNE short baseline

e Designed to test the MiniBooNE Detector
LSND anomaly

 Muon (anti) neutrino
beamline

500 m, 500 MeV, L/E ~1

earch for electron
1) neutrino
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MiniIBooNE results: neutrino mode

Inconsistent with LSND!

Excess observed at low
energy (unexplained)!

/

e Data
[ ] V.frompu
] v fromK*
B v, from K*°
I © misid
L0 A =Ny
B dirt
[ other

Const. Syst. Error

lAmM2] (eVZc?)

>
=
@
c
2
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sin’(26) upper limit

= [\iniBooNE 90% C.L.
=== MiniBooNE 90% C.L. sensitivity
m== BDT analysis 90% C.L.

] LSND 90% C L.
[[]LSND99%CL.
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Antineutrino mode: anomaly still there?

Data don't exclude LSND TOTTITT e

— 90% CL
: : : ; — 95% CL
3% consistent with null | A& — sawcL

KARMENZ 90% CL

- Suggests sterile neutrinos? By esysmect

« Data (stat err.)
—/ v, frompu*
v, fromK"™
3 v, from K°
0 = misid
CCJAa—- Ny
I dirt
™ other

Constr. Syst. Error

Events/MeV

- . LSND 90% CL

s I:l LSND 89% CL

103 102
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Coming results

G. Wikstrom, U. Geneva
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T2K — next generation

NEAR DETEGTO
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beam

Recz| | TPC3 |
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T2K optimized to measure

e Data frc
to get &
spectru
to FD @
oscille
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T2K is taking oscillation data ...

Vv, 2V, appearance
90% CLa,, Senmtwllan\

Vi d1sappearance

i TY

MHH.ID‘? PRL 1I!]1 151302 EHDH}

* NMINOS Best Fit —— S

D[ = MINOS 90%

L — — MINOS 68%

Super-K L/E 90%
K2K 90%

104 ]
10 1l:r2 10"

sin’ 2 0,, sensitivity
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. and Interaction data

The near detector
IS capable of Magnet
studying neutrino-

Magnet

- nucleus coils
interactions

—-l—-'—-"
v beam

: , Tracker
Pi1-zero

Detector
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Double Chooz and Daya Bay

~» “Reactor” experiments, use
electron antineutrinos from
nuclear power plants

Low energy ~MeV
- Short baseline ~ 1 km

L/E [eV'Y
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MINERVA taking data

 Designed to measure
neutrino-nucleus
Interactions at low
energies

Running on the MINOS
beamline, where info on

the muons are taken

]
=]

Theta (Degrees)

50

15 20 25 30 O
Muan Momentum {GeV/¢)
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KATRIN: neutrino mass data soon

Will study the
mass of the
electron neutrino
from [3-decay of
SH (Tritium)

. Sensitivity is
).2 eV
ks for the
ofthe

Patras Workshop Ziirich, 8 July 2010

relative decay amplitude

rel. rate [a.u]

B 10 14 18

electron energy E [keV]

G. Wikstrom, U. Geneva

o
b

region close fo 3 end point

mive) =0 eV

only 2 x 1072 of all
decays in last 1 eV
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Ovpp decay

- Experiments look for LNV prot
nZ) — (A Z+2) + 2e
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Ov[33 discovery claim (2001)

« The famous claim by Klapdor-Klein
with data from Heidelberg-Moscov

- Claim not refuted
or confirmed by
ther experiments

counts/keV

|

2040 2060

energy, keV
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Ov[3[3 searches ongoing

« EXO, a Liquid Xe TPC
with Ba* tagging

e Taking data now!

* In 2 years sensitive to
a Majorana mass of
il eV

* Ge experiments
Majorana and GERDA
also In the start pits

Patras Workshop Ziirich, 8 July 2010 G. Wikstrom, U. Geneva
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OvpBP and mass hierarchy

~ » Adetected signal below
0.01 eV would tell us that
the mass hierarchy is
normal, since the
degeneracy Is broken

If a signal lies above,
2utrino mass input is

1o 102

lightest neutring mass in eV
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Summary

Exciting scenarios exist in the neut

CPV, CPTV, LNV, sterile neutrinos
Oscillations now firmly established
Measurement of 0,, Soon to come
_ Precision measurements of the

9 eutrino masses still further ¢

yS: stay tung

Patras Workshop Ziirich, 8 July 2010 G. Wikstrom, U. Geneva
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“Solar” mixing term

"Oscilllation of electron
- neutrinos to muon or
tau neutrinos

KamLAND

First observed by TN oswcL

99% C.L.

- SNO and Su Per- K - B 99.73% C.L.

*  best fit

ater confirmed by

e KamLAND
eriment using L
trinos from 53
— 9973% C.L.
*  best fit
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“Reactor” mixing term

e Measured by Chooz
(1999)

e Osclllation of electron
antineutrinos to muon
or tau neutrinos

~* Neutrinos produced in
- two nearby reactors

10rt baseline (~1 km)
to Am3

Patras Workshop Ziirich, 8 July 2010 G. Wikstrom, U. Geneva
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