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Outline

® Three-flavour analysis based on
post-Neutrino20 12 data

» 03 (dependence on reactor fluxes)
» non-maximality and octant of 033

C. Gonzalez-Garcia, M. Maltoni,
J. Salvado, 1.5.,1209.3023

www.nu-fit.org

® SBL anomalies and eV-scale sterile neutrinos
work in prep. with J. Kopp, M. Maltoni, P. Machado


http://arxiv.org/abs/1209.3023
http://arxiv.org/abs/1209.3023

The 013 revolution

® Around June 201 I: 6 events in T2K
(1.5 £ 0.3 bkg for 0,3 = 0): 2.50

Fogli et al, 1 106.6028;TS, Tortola,Valle 1108.1376

after ICHEP2012: | | events in T2K
(3.2 £ 0.4 bkg for 013 = 0): 3.20

® DoubleChooz (I1.12), DayaBay
(12.03), RENO (12.04)

T. Schwetz

» global fits gave >30 for the first time

® post-Neutrino2012: 83 = 0 disfavored |
at Ay?= 100 in the global fit
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The reactor anomaly

» to predict the v, flux from nuclear reactors one has to convert the
measured e~ spectra from 23°U, 23°Pu, ?*1Pu into neutrino spectra
Schreckenbach et al., 82, 85, 89

» recent improved calculation Mueller et al., 1101.2663 ~ 3% higher fluxes
(ab initio calculations + virtual branches for missing part)

» confirmed by independent calculation P. Huber, 1106.0687
(virtual branches)

» increase of predicted number of neutrino-induced events compared to
old flux calculations:

235U 239|:)u 241|:)u 238U
3.7% | 42% | 4.7% | 9.8%

T. Schwetz



The reactor anomaly
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® SBL reactor data (L < 100m) in tension with predicted flux
f=0.935+0.024 (different from | @ 2.70)

® systematics?
» normalization of ILL electron spectra
» neutron lifetime (use 2012 PDG value)

® sterile neutrinos at the eV scale?
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The reactor anomaly
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® SBL reactor data (L < 100m) in tension with predicted flux

f=0.935+0.024 (different from | @ 2.70)

® systematics?
» normalization of ILL electron spectra
» neutron lifetime (use 2012 PDG value)

® sterile neutrinos at the eV scale?
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The reactor anomaly and the 0,3 determination

| NUFIT 1.0 (2012)
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| NUFIT 1.0 (2012) |

013 summary e

+Kam (Huber)

o Sol (AGSS09)
+Kam+RSBL (flux free)

two extreme assumptions on reactor fluxes:

Ps T2K v, app

. | ° Minos v, @
® yse fluxes from Huber, | 106.0687 without SBL "
reactor data
sin® 013 = 0.025 4 0.0023 013 = (9.27992)°  sin? 26013 = 0.099 % 0.009

® Chooz+PV (Huber)
e Chooz+PV+RSBL (flux free)

. e DChooz (Huber)

. o1 Dchooz+RSBL
® Jeave react flux free and include SBL data (floxfree)
sin® 013 = 0.023 £0.0023 613 = (8.679745)° sin®26;3 = 0.088 + 0.009 > Dayo Bay

e Reno

® dffect global fit result at the | O level

® dependence on solar model is not visible in o GLOBAL (Huber
the global fit
o.  GLOBAL with RSBL

® O3 = 0 disfavored at Ay*~= 100 in global fit! ond flox free
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Measuring Am?3; with reactors
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see also Bezerra,

Furuta, Suekane,
1206.6017.
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will improve with spectral data from DayaBay /| RENO
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Measuring Am?3; with reactors
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will improve with spectral data from DayaBay / RENO
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On non-maximal 23 mixing
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On non-maximal 23 mixing

global data without atmospheric (MINOS and T2K disappearance most important)
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On non-maximal 23 mixing

global data without atmospheric (MINOS and T2K disappearance most important)
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Octant degeneracy and LBL appearance

Fogli, Lisi, hep-ph/96044 15

Pﬂe ~ Sin'2 291 w ln(l( A)Q) ‘
sin(1 — A)A sin AA i
+ sin 20,3 & sin 2093 Sm(l A) smA cos(A + dcp)

¢ with

sin? AA
A2

A9
+ cos? 093

Am3, L 4= Ams3,
- Amg3,

4E,

2E,V

s

A A=

sSin 2012 ]

® for large O3 the leading term depends on octant

® beam+reactor combination may be sensitive to octant
Minakata et al. hep-ph/021 11 11; McConnel, Shaevitz, hep-ex/0409028

T. Schwetz
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Octant degeneracy and LBL appearance

NUFIT 1.0 (2012)
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Global fit ~2020 - 023 octant

final exposure of T2K, NOvA, DayaBay combined

Combined (incl. reactors, large 6,3)
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Huber, Lindner, TS, Winter, 0907.1896
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http://arxiv.org/abs/0907.1896
http://arxiv.org/abs/0907.1896

3-flavor effects in atmospheric neutrinos

excess in electron-like events:

%:5 — 1 (rs33—1) Py (Am3, 6:3) 0,5-effects

+ (T 0‘.223 - 1) P‘zu(Amgl, 912) Am3,-effects

— 2513523¢937 Re(Aj, Aye) interference: dcp
(E,) f*,?(b,,) r~2 (sub-GeV)
r=r = - -
" FY(E,) ra26-—45 (multi-GeV)

T. Schwetz
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3-flavor effects in atmospheric neutrinos

SK1-3 data

Peres, Smirnov, 99;

1.3F
Gonzalez-Garcia, Maltoni, Smirnov, 04 |
1.2}

excess in electron-like events:

%:6 — 1~ (rs3;—1) Poy(Am3, 013)
+ (rc33 — 1) P, (Am3,, 012)

— 2513893C23 7 Re(AL. Ape)

(E,) ﬁ}g)(EV) r~2 (sub-GeV) T
r=r(L,) = :
’ F)(E),) r~26-—4.5 (multi-GeV) a:
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T he octant and atmospherzc neutrino data
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Comparison with SuperK
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Impact of latest SK1-4 data in global fit
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The octant and atmosphemc neutrino data
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Comparison with other global fits

Fogli et al.,1205.5254
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http://arxiv.org/abs/1205.5254
http://arxiv.org/abs/1205.5254

The CP phase and atmospheric neutrino data

NUFIT 1.0 (2012) NUFIT 1.0 (2012)
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The CP phase and atmospheric neutrino data

NuFIT 1.0 (2012) NuFIT 1.0 (2012)
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The CP phase —
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Am?31,32 and the mass ordering

Free Fluxes + RSBL

Huber Fluxes, no RSBL
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best fit depends on the
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Am?31,32 and the mass ordering

Free Fluxes + RSBL Huber Fluxes, no RSBL
bip £1lo 30 range bfp £1o 30 range
Am3,
TR (N) 2.4710-069 2.27 — 2.69 2.497095° 2.29 — 2.71
Am%z +0.042 +0.073
10-3 o\2 (I) —2.437 5 06 —2.65 — —2.24 —2.477 5 061 —2.68 — —2.25

difference between |
I |Am?3| and |Am?3;| |
at the level of |l |

T. Schwetz 24



Three-neutrino summary

NuFIT 1.0 (2012) NuUFIT 1.0 (2012)
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NUFIT 1.0 (2012)

Free Fluxes + RSBL

Huber Fluxes, no RSBL

bfp 1o 30 range bfp £1lo 30 range
sin? 015 0.30 + 0.013 0.27 — 0.34 0.31 +0.013 0.27 — 0.35
012/° 33.3+0.8 31 — 36 33.9+0.8 31 — 36
sin? 03 0417097 ©0.5975920  0.34 - 0.67 || 0.4175930 3 0.6073920  0.34 — 0.67
023 /° 40.077 L ©50.471 3 36 — 55 40.1777 @ 50.77 7 % 36 — 55
sin? 013 0.023 + 0.0023 0.016 — 0.030 0.025 + 0.0023 0.018 — 0.033
013/° 8.6107%% 7.2 9.5 9.210-42 7.7 — 10.
dcp/° 300" 9% 0 — 360 298197 0 — 360
A 2
T2 7.50 £ 0.185 7.00 — 8.09 7.5010-205 7.04 — 8.12
10-5 eV? 0.160
A 2
10_?2;2 (N) 2.4710.069 2.27 — 2.69 2.49+0:958 2.29 — 2.71
A 2
10_?2;2 (I) —2.4375-042 —2.65 — —2.24 —2.4715-073 —2.68 — —2.25

C. Gonzalez-Garcia, M. Maltoni, J. Salvado, I.S.,1209.3023

T. Schwetz
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NUFIT 1.0 (2012)

Free Fluxes + RSBL

bfp £1o

30 range

sin2 912
(e}

912/

sin2 @23

623/°

sin2 913

013/°

dcp/°

Am%l

10-5 eV?

2
Am3,

10-3 eV?

Am%z

10-3 eV?

(N)
(D

0.30 = 0.013
33.3 £0.8

0.4175-057 @ 0.5970-022
40.077 L ©50.471 3

0.023 £ 0.0023

+0.44
8'6—0.46

3001955
7.50 & 0.185
2.4770 067

+0.042
_2'43—0.065

0.27 — 0.34
31 — 36

0.34 — 0.67
36 — 55

0.016 — 0.030
7.2 — 9.5

0 — 360

7.00 — 8.09

227 — 2.69

—2.65 — —2.24

www.nu-fit.org

{ e Continously updated results at www.nu-fit.org |

® provided by the NuFIT group:
C. Gonzalez-Garcia, M. Maltoni, . Salvado, T.S.
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Hints for eV sterile neutrinos

® Reactor anomaly (Ve disappearance)

® Gallium anomaly (ve disappearance)

® [SND (vy - Ve appearance)

® MiniBooNE (Vy — Ve, vy —» ve abpearance)

Can they all be consistent and respect bounds on
eVscale oscillations?

will not speak about cosmological implications,
see talk by Y Wong

T. Schwetz
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The reactor anomaly

== 9 7 0 3 o]
T = = == &
1.15 T 1 T L B T m%ﬁlé&ﬁml _ﬁ %Ihlqﬁ
il $8 235 = 5 N9
1.1 . oo BEE S 5L 7 G5 c 0% —~

Nucitot a2 R E%E g8 ¢ & I8

: il

: [ 1

N N
E}ES;( EKF}pred
a 2
o
o =
| z
ILL :
|
|
-
a

o8- Mentionetal Il,]2 =
: IT_'Er_' -
un?s_ 1 I 1 1 1 1 | i 1 1 1 1 1 1 1 1 I 1 1 | | 1 1 1 I-'I-i 1 1 1 | | 1 1 1 I 1
10 10' 107 10°

Distance to Reactor (m)

® SBL reactor data (L < 100m) in tension with predicted flux
f=0.935+0.024 (different from | @ 2.70)

® systematics?
» normalization of ILL electron spectra
» neutron lifetime (use 2012 PDG value)

® sterile neutrinos at the eV scale?
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The reactor anomaly and sterile neutrinos

[ rates + | I — I I I I T T 1 i
ol Bugey3 | - — - Am’=044eV’,sin20,, =0.13 -
c spectr. . < 11k — Am’=175eV7 5in"20, =0.10 T -
- N g LAr _
- . 3 [ —  Am’=09eV’,sin28,, =0.057 ]
- —] (@W - _
b - C S i _________ |
> L | | 2 b _———r . ._.__T-i. T'_'j' 3
a @) R - = —_— —_— —
5 e SBL react S 09 - — «% = 7
B rates only 3 s - < - iﬁ%” 2 o
. . 5 T 5= €5 2836 5% <[5
- : Z2osL o Do % E0a Y5 zll51
N ) o 0.8: "¢ A 5 N é g2 ]
B z o
7 0.7 C T R~ | | | R
90, 95, 99% CL (2 dof) ' 10 100
0.1 Ll L1 1 1111 distance from reactor [m]
0.01 0.1 1
sin22614
-2 2 2 2 2
S111 2(914 Améﬂ [ev ] Xmin/dof (GOF) AXno—osc (CL)
SBLR rates only 0.13 0.44 11.5/17 (83%)  11.4/2 (99.7%)
SBLR incl. Bugey3 spectr.  0.10 1.75 58.3/74 (91%) 9.0/2 (98.9%)

T. Schwetz 29



T he Gallium anomaly

1 CaIIlbratlon data of Ga solar neutrino experlments w:th radlo
actlve sources show a def c:t compared to expectat:ons '

~ - 9. o - 3 e

Gallium data using Frekers et al PLB 11

[ L | L ! L ! L ! [N

3/27 0.500 MeV i i i

the reaction v+t Ga =" Ge + e~ oo | PR SR T
can proceed to the ground state or e L i i i
through excited states of "1Ge T e Graflex ['(Cr | T |

recent measurement of "1Ga(3He, t)"1Ge D. Frekers et al., PLB 706, 134 RERRRTI RRREN
BGT1rs BGTs00 SERRERR AN
= 0.0399 £ 0.0305 = 0.207 £ 0.016 37, | |
BGT,.. BGT,., JAGE VAR |

= contribution of 7.2 4 2.0% from excited states (for °1Cr) NEEE NENEE FEETE NS S R S

05 06 07 08 09 1 1.1
observed / expected

combined fit: X2, =2.3/3dof r=0.84T0027 Axr_; =8.7(2.90)
T. Schwetz see also Giunti, Laveder, 1006.3244 30



Global data on v. disappearance

| | L L
- a -
8
=
10 O —
— B . » v, disappearance constraints from LSND and KARMEN
B % _ LSND and KARMEN measure the cross section for
_ - 7 Ve +12 C —12 N + e~ consistent with expectations
N> i i — limit on v, disappearance Conrad, Shaevitz, 1106.5552
q) |
NE » solar neutrinos
d 1k degeneracy between 613 and 614 e.g., Palazzo, 1105.1705
- ®
= -+
i Q ; = %
- ‘ %
+ A (¢
u = % ‘3/]1'002
95% CL (2 dof) 3 A
O 1 ] ] ] I I I | ] ] ] I I I
0.01 0.1 1

)
sin 2614

no oscillations excluded at 99.8% CL
T. Schwetz 31



Global data on v. disappearance

. 2
SIN“Y

0.3_IIIIIIII|IIIIIIIII|IIIIIIIII §1,1
- 95% CL (2 dof), Am =1.7eV- et u _
B O/ _ N
s & . 1.05 [~ -
- global reactor 7 i |
- + Gallium + solar -
02 /\ — 1
q::r - SBL reactors - 0.95
) B + Gallium 7
i= - ] B
- i 0.9 —
0.14- . i
. PaloV, Choo -
i oubleChooz, ’ 0.83 [Tines CH+PV+DC+DYB+Reno |
i aya Bay, Reno ’ full +RSBL .
O _I I I L1 | L1 J L 11 11 | I T T T I | I_ O' 0002 O;O4 0'06
0 0.1 0.2 0.3
sin"26,
impact of eV oscillations on 03 determination
T. Schwetz
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Appearance results from MiniBooNE

Chris Polly @ Neutrino2012, 1207.4809

Simultaneous 3+1 fit to v and anti-v data

q:_m? 5

10 |

| [ |||||
— 68% CL
— 90% CL
— 95% CL
— 99% CL
— 3o

T T T

KARMENZ 90% CL,
BUGEY 90% CL 3

& WS accounted for properly

& Construction of correlated systematic error matrix

@ E>200 MeV BF preferred at 3.80 over null

(Z. Pavlovic)

Total Excess: 240.3 +/- 34.5 +/- 52.6

=
---------- % B &  Data - expected background ]
"""""" 3 08 ]
1 = 4 § I T Best Fit
- 2 ]
@ 5in’26=0.004, Am?=1.0eV* |
3
L>Ij sin’20=0.2, Am?=0.1eV*
* Simultaneous fit (E>200 MeV) with
107 3 E neUtrI nQ fully-correlated systematic to entire
I:ILSND 90% CL  OhNCelwgeel W™ | Reee— = — : MB neutrino and anti-neutrino data
|:| LSND 99% CL — ] )
102 bl vl = 0%2 04 06 08 10 12 14 30
107 10?2 10" 1 E)" (GeV)
.2 > T
sin 28 % 0.4 :_ #  Data - expected background_:
combined E >200MeV E >475MeV g1 Best ;
@ I sin’20=0.004, Am?=1.0eV*
Xz(nU”) 42.53 12-87 L% 0_2:_ =4 sin’26=0.2, Am?=0.1eV? ]
L °
Prob(null 0.1% 35.8% | antlneut 'lno
0.1 J
x2(bf) 24.72 10.67 00— | :%%E-_._
PrOb(bf) 67% 358% '0'10._2' ' '014' ' '016' | '013' | '110' | '112' ' '114;; B '3_.0
E;" (GeV) 26 33

Neutrino 2012, 6 Jun zuiz



Appearance results from MiniBooNE

Chris Polly @ Neutrino2012, 1207.4809
Simultaneous 3+1 fit to v and anti-v data

& WS accounted for properly

%102;““ = ;léé%chl T
< — 90% ct
— 95% CL
. —— 99% CL
10 & T oo i:RMENZ 90% CL{
- S BUGE\; 90% CL 1
g8 .
S e % - ®  Data - expected background ]
1L . o B ‘g 08 |- ]
- L% -------- Best Fit ]
@ 5in’26=0.004, Am?=1.0eV* |
L% sin’20=0.2, Am?=0.1eV*
107 E neutri nG)
n I:ILSND 90% CL  hoeORgel N | Reeee— .
I:ILSND 99% CL — = )
102 b ol | %2 04 06 08 10 12 14 30
107 102 10 1
sin’20 g [
:@ 0.4 —
combined E>200MeV E >475MeV & osH-
x2(null)  42.53 12.87 & -
gt
Prob(null) 0.1% 35.8% m;J
x2(bf) 24.72 10.67 00 [——|
Prob(bf) 6.7% 35.8%

& Construction of correlated systematic error matrix

(Z. Pavlovic)
@ [ E>200 MeV BF preferred at 3.80 over null

Total Excess: 240.3 +/- 34.5 +/- 52.6

* Simultaneous fit (E>200 MeV) with
fully-correlated systematic to entire

E% (GeV)

#  Data - expected background ]|

sin’20=0.004, Am?=1.0eV’ ]

sin’20=0.2, Am?=0.1eV*

antlneut

_0-1 [ TS T T [N TN ST TN [ TN S T T SO TN SN T SO T NN TN SN S SN N S S '

Neutrino 2012, 6 Jun zuiz

0.6 0.8 1.0 1.2 14

EVE (GeV)

3.0

: MB neutrino and anti-neutrino data

rino
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Fitting all together?

341 SBL oscillations

appearance
Pe = sin® 20, sin? AZ?L sin? 20, = 4| Ues|?|U,1a|?
disappearance (o = e, u)
P, = 1 —sin® 26, sin’ AZElL sin% 2000 = 4| Una|?(1 — |Upasl?)

» effective 2-flavour oscillations
» no CP violation — same results for 7 (LSND, MB) and v (MB) data

T. Schwetz
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Fitting all together?

341 SBL oscillations

appearance
Am2, L
Pre = sin® 20 . sin? Téj 5in2 20, = 4| Uea|?| Uyua)?
disappearance (o = e, u)
Am2, L
P.,=1—sin’260,, sin’ Tél sin® 26, = 4\Ua4\2(1 — \Ua4\2)
1

sin’ 20, & 2 sin® 20 e sin’ 20,4

v, — Ve app. signal requires also signal in both, v, and v, disappearance

(appearance mixing angle quadratically suppressed)

T. Schwetz 34



ve disap vs v,—ve appearance

| T T T T T T T 11 | | I T TTTI | | I T TTTI | | | | T T
pies + pre-Neutrino2012
ugey3 L a . _
10k _ 10 i 10 .
- spectr. - - = = 3
a 3 - - LSND + MB anti ] - LSND + MB anti + ]
| i _ i Gal + SBL reactor |

rate only

iy incl. Bugey spectr
£ \ |

| 90. 99% CL (2 dof)
| | L 1111 || | | L 1111 ||
10 10

.2
sin 20
e

Am’” [eV]

) |
O SBL react |

1E rates only 3

| 90, 95, 99% CL (2 dof)
Lo

90, 95, 99% CL (2 dof) |
| | | I I | 0 1 I I LU 2 j 01 3
10 10 10

.2
sin 20
Ue

Am’ [eV]
Am” [eV]

| | | L 11 ||| .
04 0.1 1 10°

)
sin 20
ee

| ® reactor+Ga anomalies and LSND+MB
hints are perfectly consistent, BUT... |

T. Schwetz



Constrains on v, dlsappeamnce

o CDHS, atmospheric
: neutrinos, MINOS, |
MiniBooNE

additional

Z [eV?]

atm +CDHS CDHS ’ constraints from

+MINOS +MB 1
t+  IceCube (not used)
,t Nunokawa, Peres, Zukanovich, 03,
1071 — — |atm ’ * Coubey, 07, Razzaque, Smirnov,
g - | -3 1 ) I, 12, Esmaili, Halzen, Peres, | 2
10~ 10~
|U,u4 |2

T. Schwetz 36



Strong tension in global data

S o

90%, 99%, 99.73% CL, 2 dof :

1071

T. Schwetz
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Strong tension in global data

101_’}- 2 7 10"

10°F 10°}F ]
[ LSND + MB
\(\all channels) j
results N
1 ‘ . 1 90%, 99% CL,
104 10°* 1073 1072 1071
sin 2 20 e

no reactor data included

T. Schwetz 37



Strong tension in global data

there are three classes of data:

Ve — Ve disappearance  sin® 20ee

1

. 2 . 2 . 2
: . D sin“ 260, = —sin“ 204 sin“ 20
v, — v, disappearance sin“20,, He ™ ee Heth

",
V,, — Ve appearance sin© 20,,¢

» each combination of two sets is consistent
(they depend on different mixing parameters)

» BUT: strong tension if all three of them are combined

T. Schwetz
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Adding more sterile neutrinos?

342 SBL oscillations:

appearance:

PVM—>Ve

disappearance:

Pua—wa

Ue4‘2| Uu4|2 sin” ¢a1 + 4 |U65|2| Uu5‘2 sin” P51
Ue4 U,u4 Ue5 U,u5| sin ¢41 sin ¢51 COS(¢54 — 5)

1 =4 |Uail*sin® i1 — 4| Uaal?|Uas|® sin® ¢sa

i=4,5

(¢ = AmgL/4E}

» phase 0 = arg (U:4 UuaUes U;’;5) — CP violation
Karagiorgi et al. 06; Maltoni, TS 07

T. Schwetz
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Adding more sterile neutrinos?

3+2 SBL oscillations:
appearance:
Po—ve = 4|Uea|?|Upial? sin® pa1 + 4 |Ues|?|Upis|* sin® 51
8 |Uea Uya Ues U 5] sin ¢ag sin ¢s1 cos(psa — 0)

disappearance:

Prasve = 1=4Y |Uyil*sin® ¢j1 — 4|Una|*|Uas|* sin® s

=45
_ .
b = AmjL/AE)
» BUT: constrain |Ug;| and |U,;| (i = 4,5) from disappearance
to be reconciled with appearance amplitudes |U; U,

T. Schwetz 39



Conrad, Ignarra,
Karagiorgi,
Shaevitz, Spitz,
1207.4765

3+]| vs 3+2

A =124
4 dof

98.6 % CL

3+2 vs 3+3
A y*=3.3
5 dof

T. Schwetz

Xinin (40F)  Xguy (dof)  Phest  Puun Xpg (dof) PG (%)
341
All 233.9 (237) 286.5 (240) 55% 2.1% 54.0 (24) 0.043%
App 7.8 (87)  147.3 (90) 46% 0.013% 141 (9) 12%
Dis 128.2 (147) 139.3 (150) 87%  72%  22.1 (19) 28%
v 123.5 (120) 133.4 (123) 39%  25%  26.6 (14) 2.2%
7 04.8 (114) 153.1 (117) 90% 1.4% 118 (7) 11%
App vs. Dis i i i i 7.8 (2)  0.013%
vV VS. U - - - - 15.6 (3) 0.14%
342
All 221.5 (233) 286.5 (240) 69%  2.1%) 63.8 (52) 13%
App 75.0 (85)  147.3 (90) 77% 0.013% 16.3 (25) 90%
Dis 122.6 (144) 139.3 (150) 90%  72%  23.6 (23) 43%
v 116.8 (116) 133.4 (123) 77%  25%  35.0 (29) 21%

7 00.8 (110) 153.1 (117) 90% 1.4%  15.0 (16) 53%
App vs. Dis : i i i 23.0 (4)  0.0082%
T i i i i 13.9 (7)  5.3%

343
All 218.2 (228) 286.5 (240) 67% 2.1%) 68.9 (85) 90%
App 70.8 (81)  147.3 (90) 78% 0.013% 17.6 (45) 100%
Dis 120.3 (141) 139.3 (150) 90%  72%  24.1 (34) 90%
v 116.7 (111) 1334 (123) 34%  25%  39.5 (46) 74%
7 00.6 (105) 153 (117) 84% 1.4% 185 (27) 89%
App vs. Dis - - - - 28.3 (6)  0.0081%
v VS. U - - - - 110.9 (12) 53% 40




Conrad, Ignarra,

Karagiorgi,
Shaevitz, Spitz,
1207.4765

T. Schwetz

X2 (Aof) X2, (dof)  Prest  Poun Xoq (dof) PG (%)
3+1
All 233.9 (237) 286.5 (240) 55%  2.1%  54.0 (24) 0.043%
App 87.8 (87)  147.3 (90) 46% 0.013% 14.1 (9) 12%
Dis 128.2 (147) 139.3 (150) 87%  72%  22.1 (19) 28%
v 123.5 (120) 133.4 (123) 39%  25%  26.6 (14) 2.2%

1.4%

11%

All 2215 (233) 286.5 (240) 69% 21%  63.8 (52) 13%
App 75.0 (85)  147.3(90) 77% 0.013% 16.3 (25) 90%
Dis 122.6 (144) 139.3 (150) 90%  72%  23.6 (23) 43%

v 116.8 (116) 133.4 (123) 77%  25%  35.0 (29) 21%

All 218.2 (228) 286.5 (240) 67% 2.1%  63.9 (85) 90%

App 70.8 (81)  147.3 (90) 78% 0.013% 17.6 (45) 100%

Dis 120.3 (141) 139.3 (150) 90%  72%  24.1 (34) 90%

v 116.7 (111) 1334 (123) 34%  25%  39.5 (46) 74%
00.6 (105) 153 (117




Adding more sterile neutrinos?

® Motivation for CP violation no longer there
(MB neutrino and antinu are consistent)

® More neutrinos cannot solve the
appearance-disappearance tension

® Fit to MiniB low-E data not improved in global fit

® May create more problems with cosmology

T. Schwetz
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Summary - three flavour

i ® global fit gives determination of 93 with
- Ax?=100, small dependence on reactor anomaly

remains

® indications of non-maximal value of 823 at 20
(driven my MINQS), octant sensitvity from

atmospheric data (below 1.50, depends on mass

ordering)
® certain regions of Ocp “disfavoured” at 1O

f ® no sens:tlwty to mass ordermg (Ax 0 5 )

T. Schwetz
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Summary - sterile neutrinos

T. Schwetz

hints from reactor and Ga anomalies at ~30
(not in tension with other data)

hints from LSND, MiniBooNE ~3.80
low-E MiniB data not well fitted (few7 prob)

strong tension in global fit (constraints from Vu
disappearance experiments)

no significant improvement by more sterile

neutrinos
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Thanks...

® _.to my NuFIT collaborators
C. Gonzalez-Garcia,
M. Maltoni, |. Salvado wi. nu-£it.org

...to my sterile-nu collaborators

J. Kopp, M. Maltoni, P. Machado (work in prep)

T. Schwetz
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Thanks...

| e ..to my NuFIT collaborators ‘;
; C. Gonzalez-Garcia, ;,

M. Maltoni, |. Salvado wi. nu-£it.org

'i ® _.to my sterile-nu collaborators

J. Kopp, M. Maltoni, P. Machado (work in prep) |

| * _to you, for your attention! |

T. Schwetz
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