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Introduction

Neutrino physics after summer/autumn conferences

@ Part 1: this seminar
@ Part 2: Pawet Przewtocki, seminar in December

Based on:
@ Neutrino 2014, Boston, 2-7.07.2014
@ TMEX 2014, Warsaw, 3-5.09.2014 (organizers: NCBJ and UW)
@ NNN 2014, Paris,4-6.11.2014

@ Updated fit to three neutrino mixing, M.C.Gonzalez-Garcia,
M.Maltoni, T.Schwetz, September 2014

@ Sterile neutrino oscillations: the global picture,
J.Kopp,M.Maltoni, T.Schwetz, March 2014
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0 Status of Neutrino Oscillations
e High-Energy Neutrinos
e Recent Results from Reactor Experiments

6 Sterile Neutrinos
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STATUS OF NEUTRINO OSCILLATIONS
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3 flavor neutrino mixing

mixing matrix Upns: 3 mixing angles 6, CP phase §
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3 flavour neutrino mixing
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Neutrino oscillations

@ Before 613 were measured, oscillation probability were often
approximated by two-flavour formula:

s

(Mass)? Am

L(km)

Pl = i)~ sin* 20,5 in |1 27 (V) g e
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Neutrino oscillations

@ Currently:
In long-baseline experiments:

Ami, L
P(vy = v,) = 1 — (cos" 013 5in” 26053 + sin® 2913) sin’ ( TE )

+(matter terms)

. ., Am2, L
Py, = v.) ~ sin? 2011n2 T—Es,i

sin20158in26 . Am2 L . , . o Am2 L
— 20
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+ (CP even term, solar term, matter effect term)
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Results from global fit

NUFIT 2.0 (2014)
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Global 3v fit

@ Two-dimensional projections
after minimization with respect
to the undisplayed parameters.

@ 10,20,3 0 contours

@ full regions: free normalization
of reactor fluxes + reactor SBL
data

@ void regions: predicted reactor
fluxes, no reactor SBL data

e Am3, for NO (Normal
ordering/hierarchy)

e Amz, for IO
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Summary of Results on 0,5

KamLAND [1000.4771]
Best Fit +
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613 measurements — results from global fit

o difference between best fit 613 from reactors and v, — ve at T2K
leads to best global fit value close to dcp = %71'
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Results from global fit

[ NuFIT 2.0 (2014) |
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@ Tendency (for IO) towards non-maximal mixing and second octant
of o3 driven by: MINOS v,, disappearance and difference
between best fit 613 from reactors and v, — v, at T2K.
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Inputs for global fits - v, disappearance, T2K
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Inputs for global fits - v, disappearance, MINOS
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MINOS + v, disappearance curve
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HIGH-ENERGY NEUTRINOS
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High Energy Neutrinos

New results from Ice Cube
@ Astrophysical neutrinos
@ Atmospheric neutrinos
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Atmospheric

neutrinos at Earth
cosmic rays

et ®~ E27
conventional

prompt
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Gary C. H|II Neutrino 2014
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neutrino oscillations:
Astrophysical ~1:1:1
neutrinos at Earth flavour mixture

astrophysical
¢ ~a.E20

many model predictions

-key feature is harder
energy spectrum
a.E?%vs p.E%7+ c.E37

K.Grzelak (IFD UW)
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High Energy Neutrinos - Motivation

source (inter-) galactic

magnetic fields

interstellar
dust clouds

&

Neutrinos as probes of the high-energy Universe
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The Cosmic Neutrinos Production Mechanisms

: S. Yoshida (TeVPA2013|
[]

hadro production

pry=>A—(pra—ptyy)
SRAT >RV
photo production

= “GZK” cosmogenic vV

100EeV p
-

6zK
Horizon

(not to scale)

Why important? Extremely HE Universe beyond GZK sphere

(50-100 Mpc) inaccessible with CR or y-rays
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lceCube

IceCube Lab

Construction: IceTop

81 Stations

DeC 2004 - DeC 2010 : 324 optical sensor

3 || “ | IceCube Array
86 strings x 60 DOM Il Il ssmmpimanes
IceTop air shower array il 1

Partial detectors analysed: IR LRt DespCore
IC40, I1C59, IC79 ' G oearsontr ]
Full detector: 2oy
IC86, 3 ¥ years running to date

HESE: IC79/86-1
HESE-2: 1C79/86-1/86-2

Gary C.Hill, Neutrino 2014
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Ice Cube detector

Ice Cube - total volume 1km?
DOM = Digital Optical Module

@ 78 strings spaced 125m apart on a hexagonal grid;
DOMs placed every 17m

@ 8 strings from Deep Core: distance between strings=30-60m;
50 DOMs placed every 7m at depth 2100-2450 m
and 10 DOMs placed every 10m at depth 1750-1850m
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Neutrino event signatures

CC Muon Neutrino

i
A
y!

v+ N—=p+X

track (data)

factor of = 2 energy resolution
< 1° angular resolution

Neutral Current /
Electron Neutrino

A

-

Ve+ N —e +X
v + N = 1+ X
cascade (data)
= +15% deposited energy resolution

= 10° angular resolution
(at energies 2 100 TeV)

Gary C.Hill, Neutrino 2014
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CC Tau Neutrino
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Neutrino Diffuse Flux Search: Method

Diffuse flux = effective sum from all (unresolved) extraterrestrial sources (e.9.AGNs)
Possibility to observe diffuse signal even if flux from an individual source is too small to be
detected by point source techniques.

= Search for excess of astrophysical
neutrinos with a harder spectrum than
background atmospheric neutrinos using

energy and direction (self-veto)

Atmospheric v, u

Harder Spectrum
v (E?)

Energy

= Advantage over point source search: can
detect weaker fluxes

= Sensitive to all three flavors of neutrinos

=Disadvantage: high background
solution: containment cut / veto technique
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bl Discovery of Cosmic Neutrinos with IceCube

' M i IC79+IC86 analysis of 2010-2013 data (3 years) to search
i H ‘W for “High Energy Starting Events” (HESE) all-flavor neutrinos

IceCube (2 years), Science 22 Vol. 342 no. 6161
IceCube (3 years), Phys. Rev. Lett.; arXiv:1405.5303

Method:
= Select high charge (Q > 6000 p.e.) events with vertices well contained in the detector volume

= Use of the “veto” technique to reject bg (u and atm. v) and veto tagging to estimate remaining
bg from data

Veto

=

v Al
Schénert et al., arXiv:0812.4308
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Discovery of Cosmic Neutrinos with IceCube
IC79+IC86 analysis of 2010-2013 data (3 years) to search
for “High Energy Starting Events” (HESE) all-flavor neutrinos

Observed 37 events (28 cascade-like, 9 track-like) in 30 TeV < E, < 3 PeV,
Expected 8.4=4.2 number of background u and 6.67% atm. v events.

IceCube , Phys.Rev.Lett.; arXiv:1405.5303

@ Background Atmospheric Muon Flux
@ Bkg. Atmospheric Neutrinos (x/K)

T Background Stat. and Syst. Uncertainties
—  Atmospheric Neutrinos (90% CL Charm Limit) E=1.0 PeV
—  Signal+Bkg. Best-Fit Astrophysical £* Spectrum

ese Data 6 =62°

%
>
©

(=]

Wil

E =2.0 PeV
6 =34°

Events per

10° 10°
Deposited EM-Equivalent Energy in Detector (TeV)
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IceCube: One of the Highest Energy Neutrinos Ever Detected
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Discovery of Cosmic Neutrinos with IceCube

IC79+IC86 analysis of 2010-2013 data (3 years) to search
for “High Energy Starting Events” (HESE) all-flavor neutrinos

IceCube , Phys.Rev.Lett.; arXiv:1405.5303 Southern Sky (downgoing) Northern Sky (upgoing)

@8 Background Atmospheric Muon Flux

10° @ Bkg. Atmospheric Neutrinos (/K)

[ Background Stat. and Syst. Uncertainties

—  Atmospheric Neutrinos (30% CL Charm Limit)
—  Signal+Bkg. Best-Fit Astrophysical £~ Spectrum
eee Data

@ Background Atmospheric Muon Flux

= Bkg. Neutrinos (x/K)

T Background Stat. and Syst. Uncertainties

—  Atmospheric Neutrinos (90% CL Charm Limit)
— Signal+Bkg. Best-Fit Astrophysical E* Spectrum
see Data

[EM> 60 Tev]

atm. v self-veto

Events per 988 Days

102 10° . -0.5 . 0.0
Deposited EM-Equivalent Energy in Detector (TeV) sin(Declination)

EESEEESTICNN 2D = (0.95+0.30)x 10 [GeVs’lsr'lcm' 60TeV < E, < 3PeV [(EIRAEV]S

Alternative expanation: softer spectrum
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Arrival angles and deposited energies of the highest energy events.
|

downgoing ) o o F; '
0 1 % @% 4
g 40|
horizontal % Ff
g 20 | r><-|}_% ’_,i: (‘“ o
g 4o u} % e e’bo(g\\
6o r Q‘OQShowers —e—
"y T Y Tracks + -
Hpaemnd 60 TeV ° 10°

Deposited EM-Equivalent Energy in Detector (TeV
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Through going muons

~1 PeV muon
neutrino

H‘l‘yi; n
s
northern hemisphere
neutrino events (best fit)

above 100 TeV muon energy:

— astrophysical: 7 events/yr
— atmospheric: 3 events/yr

significance in first 2 years of
data: 3.9 sigma (prel.)

HK||

AL I

Gary C.Hill, Neutrino 2014
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Contained vertex events

2 PeV electron
neutrino

£

mostly southern hemisphere

neutrino events above 60 TeV: /i

— astrophysical: 6 /yr

— atmospheric: 1/yr
significance in first 3 years of
data: 5.7 sigma
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Neutrino Diffuse Flux Search: Results (Status 2014)

— 10

= |ceCube astroph
E? 0)x10"*[GeV

= Consistency between IceCube results and the Waxman-Bahcall bound:

E*® < E’®,, =34x10™°[GeVs'sr'em? | (derived for UHE CR, E¢, >10°¢V)

may imply v and CR’s produced by the same sources (?),
e.g. Starburst galaxies (?)

K.Grzelak (IFD UW)
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Do the HESE events cluster -
is there a brighter than average source?

Equatorial
cascades L

p-value = 7%

|
TS=2log(L/LO) 11.2017

No evidence of spacial clustering. (Grey line = galactic plane)
Gary C.Hill, Neutrino 2014
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Ice Cube - atmospheric neutrinos

Neutrino oscillations in Ice Cube Deep Core
Neutrino energies between 10 GeV and 100 GeV

800 T
—— Expectation: best fit 2

600} = == Expectation: no osc. T s \ /
s # Dato EE eE N
z .- % i T
€ 400 r 3 = S ;
<} e 58} [ IceCube2014INH] == T2K 2014 INH]

200 ot .|-'|\|,| & 3'= 1= MINOS w/atm [NH] s SK IV [NH]

oo -t.“l. < 34 90%C
o 0 ‘ 3. O

B 1.4 S 3.0 //
° 1.7 24 Vs
o L S 2.
=i h 3
o LOH =Rt et T ----i 4 2§
= - 2.4
S 0.8 ’
N . 23

0.6

;Llnl-ﬁi S S S SO MO S—"
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Lyceo/ Breco (km/GeV)

Precision of measurement comparable to Super-K experiment !
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RECENT RESULTS FROM REACTOR
EXPERIMENTS
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Reactor experiments

Physics goals:
@ precise measurement of 43
@ determination of reactor neutrino flux and spectrum
@ search for/limit on light sterile neutrinos
@ determination of mass hierarchy (with future experiments)
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Survival probability for v,

2 2,
P(V, — v,) =1 —|sin® 26,, sin® Amy L feost 0,5 sin® 26,, sin® Amg, L
4E, 4E,
— T
= 1f =
To : sin220 / ¥ . sin?20,,
= 0.8 13 \/ 1
> L 1
.‘_,:.' - \ 1
= 0. 6j V\'\ ]
< r j ]
S0. 4r V ]
h - .
A~ I Daya Bay " ]
0.2 Double Chooz ]
i Reno
0 .
107!

10
Length (km) [at E~3MeV]

Marianne Goger-Neff, NNN2014
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Oscillation experiments at nuclear reactors

nuclear reactor: intense, isotropic source of electron-antineutrinos, ‘for free’
+ E,<10MeV = disappearance experiment
* look for rate deviation from 1/r2 and spectral distortions in 1-2 km

+ clean measurement of 0,5, independent of 3-CP & matter effects

. . 2
P(v, = v,) ~1-sin®20,, sin’ A4m—E31L

v

24
(VFlux)L No Oscillations

_[ sin220,;

Oscillated Flux

~1.5km L

Marianne Goger-Neff, NNN2014
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Antineutrino Detection

Inverse Beta Decay (IBD) in Gd-loaded scintillator

Qe =M + M= M, = 1.8 MeV

Ve+

prompt event:
E, =E, —-E, —0.8MeV
~1-10 MeV

or

REREREEREEEEEES
———-- Emitted spectrum

delayed event:

©~30-200 pus

n+Gd— Gd" — Gd+7's (~8 MeV)

n+H->D+y (2.2 MeV)

----- Cross-section

— Detected spectrum
, >

(arbitrary units)

9
E, (MeV)

Marianne Goger-Neff, NNN2014
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3 reactor experiments for 0,5

Rgm

ear Detector [ X ‘9 Vf\/\/\/\/\/\/ O3

Far Detector

Marianne Goger- Neff NNN2014
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Far v.s. Near Comparison

Py, = 1 — sin?203sin® (Amﬁe

‘Weighted Baseline [km]

The observed relative rate deficit
and relative spectrum distortion
are highly consistent with
oscillation interpretation

Chao Zhang, Neutrino 2014
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Measurement of Reactor Spectrum

« spectral distortion observed from [4, 6] MeV by all 3 experiments

e 1-2 % excess

RENO Preliminary

- . 3 T
120> F Betguurdabinctidis| 2 000k Near detector C —— b
2 F S — o eliion £ Data e o [ ubersMuctor (full unc)
- £ —Da - ubars Musler (full unc
ooz 3 [0 sysewatic uncerainy $25000— e, 3 = -
- —— Bestiit s'®, = 0000 w > . lubersMuslior (reac. une.)
- g 20000 si B 15000 -
: st am= 0goau e = T T ILivogal
860 2 15000f e * H
oy . s 10000f g 10000 = Measured spectrum
DT e A g = = isnormalized to
200 5000 z = prediction for shape
: o 5000 “. Only comparison.
1.2 = 02— E| -
1 T o015t E|
11 H +hy
, ) e 1
“ T = 8 oosf- + +++ 4 2
EC . + et S g
El !%F;L t k ARSI T 3
v 0.05f + 12

T2 3 & : € 7 & 3
Visible Erergy (1Y)

Double Chooz, arXiv:1406.7763

5 6 7 8
Prompt Energy [MeV]

RENO, Neutrino2014

« correlated with reactor power

» no known background, no distortion of calibration spectra

H
Prompt Positron Eneray (MeV)

Daya Bay, ICHEP 2014

= possible explanation: beta decay branches of fission products

Marianne Goger-Neff, NNN2014
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Observation of new reactor v component at 5 MeV

Bles]
1Z
o
o)
3
g
=
o
5

Rl

g 1137 Near detector ) +,\7

ﬁ 12; two or three = - All the six

g 10; reactors are off + reactozs are on

E 8;_ \+ _ 5 MeV excess

o &0 7 E has a clear
a8 ’ sin’26; = 0.100 E correlation
2;7.‘.-' [Am2,[=2.32% 107 eV? 3 with reactor
%700 200 300 400 500 600 700" thermal power !

Expected IBD rate(/day) with oscillation

We take into account the excess at 5 MeV
to the expected spectral shape.

Seon-Hee Seo (RENO experiment), Neutrino 2014
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STERILE NEUTRINOS
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Sterile neutrinos

@ Sterile neutrino = neutrino that does not couple to the Standard
Model W or Z boson

@ In 1995 LSND reported an excess in the 7, — 7 channel that can
be explained by existence of mixing between active and sterile
neutrinos
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Sterile neutrinos

The Current Situation
L(m)

Probability (Oscillation ) « sin® m

1.27Am> (eVQ)

There are several hints of oscillation with L(m)/E(MeV) ~ 1:

These = a Am? ~ 1 €V?, bigger
than the two established splittings.

) At least 4 mass eigenstates
) At least 4 flavors

D(Z = V)| 508
I'(Z—Onevv Flavor)|g,

Then

=) At least 1 sterile neutrino

B.Kayser, TMEX 2014
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Sterile neutrinos

The Hints
Experiment Possible Oscillation Comment
LSND v, =V, Interesting
.. Somewhat disfavored by
MiniBooNE Vi Ve ICARUS & OPERA
.. — — NOT constrained by
MiniBooNE Vi Ve ICARUS & OPERA
- = Flux uncertainty ~
Reactor Exps. v Not v
cactor =xps e T oL, 6% size of effect
51Cr and 37A
ran ' v, — Not v Detector calibration?
Source Exps. e e
39

B.Kayser, TMEX 2014
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Sterile neutrinos

3+1 model
LI |
Ami:,,
@ In 3+1 model additional
parameters: Am3,, 014, 024,
Vv 034, 014, 024
3 ] I E— ) @ Other discussed models: 3+2,
Amiy 1+3+1, ...
V, s -
Am%l
V| i

Ve|:| Vﬂ- Vz'. Vs|:|
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Sterile neutrinos - MiniBooNE data

vV —V Antineutrino ‘ The Hmt From
u ¢ *_Data(staterr) B o
e from MiniBooNE
@3 v, from K°

@ ~° misid B
Ca—N

= E 78.4 £ 28.5
excess events

Events/MeV
o

—— Constr. Syst. Error

V# —> YV, Neutrino

Events/MeV

162.0 +47.8
excess events

4
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Sterile neutrinos - MiniBooNE and LSND data

0.025
A MiniBooNE v,

0.020f e LSND YV,
_ m MiniBooNE v,
f oo1sk ™ Ve or v, 3+2 best fit .
S =y, or v, 2v best fit
E '
5 0.010f )
.%
== 0.005}
=

0.000 l

—0.005 . . . . .
0.0 0.5 1.0 1.5 2.0 2.5

L/E, (meters/MeV)
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Sterile neutrinos - reactor anomaly

Ratio of Observed To Predicted Reactor-v's
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no oscillation

ue=
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4 v

H

Terra Incognita
to be explored

Reactor
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Anomaly (2011-)
= V-oscillation 2

Atmospheric
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T T TTTIT I
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> Vv-oscillation
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Th. Lasserre - Neutrino 2012
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Poster: F iction of the il ino Flux and Sp for the Daya Bay Experiment (Xubo Ma)
Poster: M Of The Absolute R Flux And Spectrum At Daya Bay (Bryce Littlejohn)

Absolute Reactor Antineutrino Flux

LR AR A AR S AN — or -
E theory 5 g F «  DayaBay (stat) 14 5
E E| > C o DayaBay wi corr. (stat.) T 2
E E| Z e Data Combined (syst.) ] &
£ 3 N@ + Huber+Mueller —6.2 <E)
E E £ [ s ILL+Mueller T2 .
E 3 W° L ILL+Vogel ] s
E Far Hall* T e ] 2
E El % F oo o=
E . E > bt i i
E oot oo > st ¢ # H’ H ﬁ .
02 04 06 08 10 12 14 16 18 E —15.8
Effective Baseline [km] r .
N . . . . . .
Flux Measurement Uncertainty AD1  AD2 AD3  AD4  AD5  AD6  Model
Uncertainty /Y 7Y ; B9py ; 2Mpy 0.586 : 0.076 : 0.288 : 0.050
statistics 0.2% Yo (em? GW! day™!) 1.553 x 10718
b1 0-20% oy (cm? fission™") 5.934 x 10743
reactor . U'””/” Data / Prediction (Huber+Mueller) 0.947 £ 0.022
detector efficiency 2.1% Data / Prediction (ILL+Vogel) 0.992 + 0.023
Total 2.3%
12 T T T
c I Reference Model: Huber (3 isotopes) + Mueller (28U) -
:g - 4
S
Daya Bay’s reactorflux B
o
measurement is consistent ot AL li -
. . . = ~—e— Previous data _
with previous short baseline 8 —— DayaBay a
. 8 L World Average d
experiments L Previous average 53 1-0Exp. Une. 4
L R=0.943 +- 0.008 (exp.) 23 t-oFiux Une ]
06 L . .
10 10 10
Distance (m)

Chao Zhang (Daya Bay experiment), Neutrino 2014
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Poster: Search for sterile neutrino mixing at Daya Bay (Yasuhiro Nakajima)

Light Sterile Neutrino Search Results

+ All 217 days of 6-AD period iy
)
» Consistent with standard 3-flavor <s10” E
neutrino oscillation model E F
* Able to set stringent limits in the i
region 10 eV2 < Am?+ < 0.1 eV? |
10 = Daya Bay
T 7 DayaBay 95% C.L.
107
08 2 3 2 2 2 .2 + E DayaBay 95% CLs
Am“ =4x10"eV" " AmM =4x10 " eV L

- =9
©
TR

(Measured) / (Expected from EH1)

Bugey 90% C.L. (40m/15m)
T ‘T - Ll | L
ARINI [ .
EIT 10 10 10 sin’2¢ 1
1 14
T2 8 4 5 6 7 8
Prompt energy (MeV)
23

dashed curves assumes sin?2614= 0.1

Chao Zhang (Daya Bay experiment), Neutrino 2014
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4-Flavor Oscillations

ivi H Neutrino Ei GeV,
» vy — Vs mixing causes energy-dependent depletion N A

of NC and v,-CC energy spectra w.r.t 3-flavor mixing F
1.0 &
2 3
» Small AmZss (> Am?s;): 2" 5
© FD spectral distortions at energies above 3 %% 2
& f <
3-flavor oscillation maximum 04 £
I w
© No ND effects o2
0.0
1.02 s
» Medium Am?s3: » 0 2
. . . a [ B4
® Rapid oscillations at FD average out g oor -
& o %
@ No ND effects o4 2
® Counting experiment o2 “‘
0.0:
, i _
L w
» Large Am?Zss: L o 3
= T g
® Rapid oscillations at FD average out § 06 E
© ND spectral distortions affect extrapolation to FD * oaf- 2
B 5
02— ‘ &
L PE—— e
00 102 10" 1 10 10? 10°
L/E (km/GeV)
MINOS/MINOS+, Neutrino 2014 Alex Sousa, University of Cincinnati :
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Limits on sterile neutrinos from MINOS

B~ (eI ————— e e & —
© [ MINOS Preliminary MINOS data ] O g.¢|- MINOS Preliminary  —— wmos dsta |
% amg,-237x10%e ——— MC three flavour prediction % | amg-237x0%ev? ——— MC three flavour prediction
~ [ sin¥(2e,) =098 (6,,<45) Systematic uncertainty S| sin’(20,) = 0.98 (6,5 < 45°) Systematic uncertainty
O 0.8 \2 _754x10°%ev? ] ke [ Am,=7.54x10%eV?
= 2 = £
® [ -85 _{, ++ @ 0.4 0,,-85 -
o 06 + o ’_|_1[ 1
[ =
[} r ©
0.4 (0] —
%’ F 2 02
< o2 = | ft NC ratio
— = a L ]
L(E P PR Y AT TP P ENN R B B W ohenlndinninnnnd v e 111
0 1 2 3 45 10 15 20 30 40 0 1 2 3 45 10 15 20 30 40
Reconstructed Energy (GeV) Reconstructed Energy (GeV)

@ Ratio of energy spectra at FD to ND, v,
@ Red/pink: predicted assuming no sterile neutrinos
@ Fit the observed FD/ND ratios for CC and NC
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Limits on sterile neutrinos from MINOS

102 —
E MINOS Preliminary
10 10.56x10° POT MINOS
F Vv, running
s
2 @ Strongest constraints
w107 E
S Feldman Cousin corrected onv, — vs
-2 .
A %”"’: disappearance for
10°E SciBooNE Am2 < 1eV2
- + MiniBooNE 90% C.L. 43
4l | 1
%103 102 10" 1

sin’(20,,)
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Limits on sterile neutrinos from MINOS

102 T
E MINOS Preliminary

[ v.mode

| MINOS data: 10.56x10% POT

E [Disnosowct

@ These results rule out
much of Am3, < 1eV?
for sterile neutrinos

@ Collaborating with Daya
Bay to use their results

== ICARUS 90% CL**
= OPERA 90% CL
= MiniBooNE 90% CL

AM? (eV?)

== MiniBooNE 99% CL
— MINOS/Bugey* 90% CL
* GLoBES 2012 fit with new reactor

fluxes. courtesy of P. Huber
**From arXiv/1307.4699

10"

UBLLLLLL B L

102 5 - 5 -y = N2
10 10 10 10 10 10

.2 _ 2
sin°20,, = 4|Ue4|2|Up4|

|
107 1
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Sterile neutrinos - global analysis of available data

T T — ——TT
C 2 2 .2 b
rates + C — = Am =044cV,sin"20,,=0.13 7]
Bugey3 F I 2_ 2 .2 _ = 7
10 = spectr. = -§ 1.1 - AmZ 1.75 e\zl ,5121 20,,=0.10 3
E 1 8 S—  Am’=096V sin20 = 0.057 ]
£ E e .
— [ ] 5 b T E - -
N> 2 r — — r | — = -
2L, o - 8 C P . . 5 - N _ET —h-3
o —_ —J3
5 L SBL react _| 2 T~ ’{, :é—_‘-:‘—¥ =
E rates only 3 3509 ~— + 1245 —
g 1 3F ¥ I Ticd 3 ]
F p z C Q o2 ¥ 2 e ]
P 4 ) C 2 Zz 2839 ST <=z
7] - o SO A @ o
1 £osf = 2z T2 goa 5 2[29
i e = = S * g M||x 4
L 6] 1
(20.95.99% CL (2 dofy C £ 4
0.1 L L L - | ~ |
0701 L Ly
oo ¢! ! 10 100
sin"20,, distance from reactor [m]

Allowed regions of oscillation parameters from SBL reactor data.
Rate only - contours; +Bugey spectral data - colored regions.

K.Grzelak (IFD UW) 58/ 61



Sterile neutrinos - global analysis of available data

i
4 1
10'F g &
o Il
= i,
— 3
> | |
(S ol
100 e——
1
| -
|
§I Ga]li“m
1071} oy
95% CL 3
1073 1072 10!

|Uea|?
Allowed regions at 95% CL for 3+1 oscillations. Combined region from
all v and 7g data sets in red.
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Sterile neutrinos - global analysis of available data

10!

10!

LSND + reactors
+ Ga + MB app

null results
disappearance

E 10
null results
combined

null results
appearance
107!

1074 10-3 1072 10! 1074 10-3 1072 107!

sin? 20, sin? 204

99% CL, 2 dof

@ Results of global fit in 3+1 scenario
@ Exclusion limits from disappearance data
@ Allowed regions from appearance data
@ Right: Allowed regions from LSND,MiniBooNE,SBL
reactors,Gallium exp. only
Compatibility of appearance and disappearance data is very low for

3+1,3+2 and 1+3+1 schemes
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@ Neutrino oscillations:
e era of precision measurements
@ next goals: dcp and mass hierarchy
@ High energy neutrinos in Ice Cube:
o discovery of astrophysical neutrinos
o first precision measurement of parameters of neutrino oscillations
@ Reactor experiments:
@ 643 - precision of sin® 263 from Daya Bay < 6%
@ absolute neutrino flux and spectrum was measured by Daya Bay
o (4,6) MeV excess in energy spectrum of unknown origin
@ Light sterile neutrinos: interesting anomalies but exclusion limits
are more and more stringent
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