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The reactor anomaly
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The reactor anomaly

New reactor anti-neutrino flux predictions

“new” fluxes wmuelier et al, 11012663 compared to “old” fluxes schreckenbach et al. 82, 85, 80
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The reactor anomaly

New reactor fluxes and reactor data

Mention et al., 1101.2755, talk by T. Lasserre
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w0
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are we seeing 013, sterile neutrinos, or just a systematic error?
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The reactor anomaly

New reactor fluxes and SBL reactor data

TS, Tortola, Valle, 11
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> still very good fit (within quoted uncertainties): P-value 37%
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The reactor anomaly

New reactor fluxes and SBL reactor data

TS, Tortola, Valle, 11
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> still very good fit (within quoted uncertainties): P-value 37%

> flux free analysis (dashed lines)
old flux best fit: f = 0.984 (f =1 within 1 o)
new flux best fit: f =0.942 (f =1: Ax? =6.2 — 2.50)

> sterile neutrino with Am? > 1 eV2: f — %sin2 20
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Reactor data and 6;3
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» using only CHOOZ and Palo Verde leads to a hint for 613 > 0 at 20

if SBL data are included the hint disappears and limits become similar
with old and new fluxes
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013

Solar and KamLAND data and 643
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» KamLAND prefers a non-zero 613

» solar + KamLAND -+ SBL react:
sin? 013 = 0.03070:912,

old fluxes: Ax?(sin?f13 = 0) = 2.2
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013

Atmospheric and MINOS data

» MINOS v, — v, appearance data: (7 x 10% pot)
54 electron neutrino events, 49.1 + 7.0 £ 2.7 expected (0.70)

> SK I+ sk con, 1002 3071 AX2(Sin2 013 = 0) = 0(03) for NH (|H)
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013

Atmospheric and MINOS data

» MINOS v, — v, appearance data: (7 x 10% pot)
54 electron neutrino events, 49.1 + 7.0 £ 2.7 expected (0.70)

> SK I+ sk con, 1002 3071 AX2(Sin2 013 = 0) = 0(03) for NH (|H)
> but there is a ~ 1o hint from SK 4+ MINOS combined:
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Ax?(613 = 0) = 1.6(1.9) for NH (IH)
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Global data on 63
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+0.008
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013

013 depends on SBL reactor treatment

sin” 013 Ax?(613 =0) | 30 bound
solar + KamLAND + SBL 0.030°55%% 4.4 (2.10) 0.079
Chooz + Palo Verde + SBL 0.0097301 0.7 (0.80) 0.044
. 0.010739%¢ 1.7 (1.30) 0.057
atmospheric + MINOS 0.020+0018 1.9 (1.40) 0.075
0.013799%¢ 2.3 (1.50) 0.053
. 0.01779.000 4.9 (2.20) 0.040
global with SBL 0.02079608 5.4 (2.30) 0.044
. 0.010755%¢ 3.1 (1.80) 0.036
global with SBL (free norm) 0.01310910 3.3 (1.80) 0.041
0.023735%9 9.0 (3.00) 0.052
global w/o SBL 0.030£0.010 | 10.3 (3.20) 0.058
0.012735° 2.9 (1.70) 0.042
global w/o SBL (old fluxes) | 4 517 15,010 3.2 (1.80) 0.048
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Sterile neutrinos
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Sterile neutrinos

New reactor fluxes and sterile neutrinos

Mention et al., 1101.2755, talk by T. Lasserre

o

i AOVNO

o

1w
Distance to Reactor (m)

oscillations with Am? ~ 1 eéV? may account for disappearance
at baselines L < 100 m
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341 and 342 best fit to SBL reactor data

fitting reactor data by adding one or two sterile neutrinos
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(3+1) 0.45 0.117
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3+1 and 342 fit to SBL reactor data
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» preference for sterile neutrino oscillations

» Ax?(3 + 1/no-osc) = 9.3 — 99% CL (2 dof)

» Ax?(3 + 2/no-osc) = 15.4 — 99.6% CL (4 dof)
» old flux: Ax? = 3.3(5.4) for 3+1 (3+2)
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v, — Ve data at the E/L ~ 1 eV? scale

\4

LSND &, — e, 87.9 £22.4 £ 6.0 excess events
P = (0.264 4 0.067 £ 0.045)% ~ 3.80 away from zero

v

MiniBooNE 7, — De, ~ 20 excess
consistent with LSND in 2v framework

v

MiniBooNE v, — v,
E > 475: no excess, E < 475: ~ 30 excess taik by G. vills

v

KARMEN #, — e, tight constraint on LSND region
(slightly smaller L/E than LSND)
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Sterile neutrinos

3+1 oscillations

In 3+1 schemes the appearance probability at short-baselines is effectively
2-v oscillations:

2 Amj L

P,.e = sin® 20spy, si
e sin SBL SIn 4E

with
sin2 2HSBL = 4‘ Ue4’2|U#4|2

» no CP violation

> constraints from v, (v,) disappearance experiments on Ues (U,4)
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3+1 global
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despite relaxed constraints from reactors on Ugq
no improvement of global 3+1 fit
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3-+2 appearance probability

PVM—)I/e = 4'|Ue4|2|U/L4|2Sin2 ¢41
+ 4|Ues|*|Uyis | sin® ¢
+  8|UeaUuaUes Uys| sin ¢4y sin 51 cos(¢psa — 0)

with the definitions

AmAL

TS 4EU , § = arg (U:4U,L4Ue5UZS>

» 342 osc. include the possibility of CP violation karagiori 07
remember: MiniBooNE: neutrinos, LSND: anti-neutrinos

» good fit to appearance exps (even MB low-E) waion, 75 07
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3+2 global fit

Amyy |Uea|l  [Upal Am3; [Ues| [Uus| d/m  x?/dof
0.47 0.131 0.170 0.93 0.135 0.142 1.62 105.9/130
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> Ax? (old vs new fluxes) = 15.5
» Ax? (3+1 vs 3+2) = 14.1 (99.3% CL, 4 dof)
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Sterile neutrinos

3+2 best fit point

observed / predicted rate
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Sterile neutrinos

Other signatures of sterile neutrinos

» checked solar/KamLAND fit: Ueq, Ues similar effect as Ues
» MINOS NC 1001033 analysis may give additional constraints
» Deficit in radioactive source experiments at Gallium exps c Giunti

» Cosmology:
0.8 !

CMB, SDSS, HST

Hamann et al., 1006.5276

talk by A. Melchiorri

s

> BBN NS < 1.2 (95% CL) Mangano, Serpico, 1103.1261
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Outline

Summary and outlook
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Summary and outlook

Summary

» slightly ambiguous status of 613 due to new reactor fluxes:
sin? 013 = 0.1 — 0.3 with hints for #13 > 0 at 1.8 — 3.20

» intriguing accumulation of hints for eV-scale sterile neutrinos
(LSND/MiniBooNE /reactor/Gallium)
3+2 model with two eV-scale neutrinos gives good fit to global data
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Summary and outlook

Outlook 613

Huber, Lindner, TS, Winter, 09; Mezzetto, TS, 10

Discovery potential at 3¢ in 2018
! i

Discovery potential at 3 6 for NH
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width beams: dependence on CP phase, DayaBay: syst. uncert. 0.18% - 0.6%

> one Ordel' Of magr“tude imprOVement W|th|n ~ 5 years talks in next session

» can disentangle #13 from effects of sterile neutrinos by near-far
comparison (reactors: cancel flux uncert. + sterile v, beams: predict
background from ND to avoid effects of sterile v - check L/E!)
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Summary and outlook

Outlook sterile neutrinos

how can we clarify the issue of eV-scale neutrinos?

» radioactive source experiments

Garvin et al, 1006.2103; Vergados, Novikov, 1006.3862; Grieb, Link, Raghavan, hep-ph/0611178;..

» new experiment at CERN ik by ¢ rubbia

v

LSND-like experiment at stopped pion source (ESS) taik by 1 wackin

\4

look for v, disappearance at the eV? scale
» signatures in lceCube (Deep Core)? s coubey, 0700.1937

> etc
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