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Evidence in favor

* LSND vy, — v,

* MiniBooNE v, — 7, and v, — v,
e T2K v, — 1,

e Galllum v, — v,

e Reactors v, — v,

¢ Cosmology
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Disappearance and appearance

v, — V. requires that the sterile neutrino mixes with
both v, and v,

= there must be effects in both v, — v. and v, — v,

Up to factors of 2, the energy averaged probabilities
obey

P/wg(l_Pﬂu)(l_Pee)
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LSND and MiniBooNE

You know more about this than I do!
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Fermilab SBN

ICARUS-T600, 600m - v,
Signal: (Am*=1.6 eV ? sin’26,,=0.0014) BEEK" - v,
Statistical Uncertainty Only B ko V,
Nominal, 6.6e20 POT = NC Single vy
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Figure courtesy D. Schmitz and C. Adams
Signal to noise not so difterent from LSND. .. will a
near detector of completely different design help?

P. Huber — VT CNP —p. 5



Pion decay at rest
at JSNS, Gd-doped
scintillator.

JSNS2, 2017

Direct test of the LSND result — should have beed
done 20 years ago!
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Gallium anomaly

GALLEX
k Gl G2 S1 S2
source Sicr Sicr Loy 37T Ar

0.10 0.084
0.953 + 0.11 0.812+0.10 0.95 +0.12 0.791 + +0084

0.13 0.12 0.14 0.10
0.8470 13 0.71%011 0.84713 0.70 £ T 00

radius [m] 1.9

height [m] 5.0
source height [m]

25% deficit of v, from radioactive sources at short
distances

» Effect depends on nuclear matrix element

e R 1s a calibration constant
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Nuclear matrix elements

51Cr (27.7 days)

427 keV v (9.0%)
432 keV v (0.9%)

37Ar
747 keV v (81.6%) Ar (35.04 days)

752 keV v (8.5%)

813 keV v (9.8%)

. 811 keV v (90.2%)
37C] (stable)

3/27 0.500 MeV

5/27 0.175 MeV
1/0-

Tl
LT

10.233 MeV
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The reactor anomaly

Daya Bay
R=0.947 + 0.022
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Daya Bay, 2014

Mueller et al., 2011, 2012 — where are all the
neutrinos gone?
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Contributors to the anomaly

6% deficit of v, from nuclear reactors at short
distances
3% 1ncrease 1n reactor neutrino fluxes
e decrease 1n neutron lifetime
¢ inclusion of long-lived 1sotopes (non-equilibrium
correction)

The effects 1s therefore only partially due to the fluxes,
but the error budget 1s clearly dominated by the fluxes.
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Neutron lifetime
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Neutrinos from fission

fission yield

s
8E-5 0.004 0.008
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B-spectrum from fission

239U foil inside the High
Flux Reactor at ILL
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Electron  spectroscopy
with a magnetic spec-
trometer

Same method used for
239Py and %Py

For 2°°U recent measure-
ment by Haag et al., 2013

- 7 8 9 10
KINETIC ENERGY OF BETAS INM

Schreckenbach, ef al. 1985.
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Virtual branches

Eo=8.09MeV, n=0.204 Eo=7.82MeV, =0.122

107 1074

counts per bin
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£

o
.
[
o
%
2
c
=
o
)

1075 . 10°°

-6 -6 -6
10
10 70 72 74 76 7.8 80 82 10 70 72 74 76 7.8 80 82 70 72 74 76 78 80 82

Ee [MeV] Ee [MeV] Ee [MeV]

1 — fit an allowed (-spectrum with free normalization 7 and
endpoint energy F the last s data points

2 — delete the last s data points

3 — subtract the fitted spectrum from the data

4 — goto 1
Invert each virtual branch using energy conservation into a
neutrino spectrum and add them all. e.g. Vogel, 2007
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Reactor antineutrino Huxes

our result
1101.2663

ILL inversion
simple S—-shape
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Shift with respect to ILL results, due to

a) different effective nuclear charge distribution
b) branch-by-branch application of shape corrections
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Forbidden decays

E,=10MeV e, final state can form

A=140

a singlet or triplet spin
state J=0 or J=1

Allowed:
s-wave emission ([ = 0)

Forbidden:
p-wave emission ([ = 1)
or/ > 1

Significant dependence on nuclear structure in
forbidden decays— large uncertainties!

P. Huber — VT CNP —p. 17



Same for all

Based on JEFF fission yields and using ENSDF
spin-parity assignments

allowed
18! non-unique
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Look at past data

@ Epentiment fo3s  fiss  foz9  fiun Ry oar %l og"[%]  Lam
1 Bugey-4 0.538 0.078 0.328 0.056 0.932 1.4 1.4 15

2 Rovno91 0.606 0.074 0.277 0.043 0.930 2.8 1.8 18

3 Rovno88-11 0.607 0.074 0.277 0.042 0.907 6.4 3.8 18

4 Rovno88-21 0.603 0.076 0.276 0.045 0.938 6.4 3.8 18

5 Rovno88-1S 0.606 0.074 0.277 0.043 0.962 7.3 3.8 18

6 Rovno88-2S 0.557 0.076 0.313 0.054 0.949 7.3 3.8 25

7 Rovno88-3S 0.606 0.074 0.274 0.046 0.928 6.8 3.8 18

8 Bugey-3-15 0.538 0.078 0.328 0.056 0.936 4.2 4.1 15

9 Bugey-3-40 0.538 0.078 0.328 0.056 0.942 4.3 4.1 40
10 Bugey-3-95 0.538 0.078 0.328 0.056 0.867 15.2 4.1 95
11 Gosgen-38 0.619 0.067 0.272 0.042 0.955 54 3.8 37.9
12 Gosgen-46 0.584 0.068 0.298 0.050 0.981 54 3.8 45.9
13 Gosgen-65 0.543 0.070 0.329 0.058 0.915 6.7 3.8 64.7
14 ILL 1 0 0 0 0.792 9.1 8.0 8.76
15 Krasnoyarsk87-33 1 0 0 0 0.925 5.0 4.8 32.8
16 Krasnoyarsk87-92 1 0 0 0 0.942 20.4 4.8 92.3
17 Krasnoyarsk94-57 1 0 0 0 0.936 4.2 2.5 57
18 Krasnoyarsk99-34 1 0 0 0 0.946 3.0 2.5 34
19 SRP-18 1 0 0 0 0.941 2.8 0.0 18.2
20 SRP-24 1 0 0 0 1.006 29 0.0 23.8
21 Nucifer 0.926 0.061 0.008 0.005 1.014 10.7 0.0 7.2
22 Chooz 0.496 0.087 0.351 0.066 0.996 3.2 0.0 ~ 1000
23 Palo Verde 0.600 0.070 0.270 0.060 0.997 54 0.0 ~ 800
24 Daya Bay 0.561 0.076 0.307 0.056 0.946 2.0 0.0 ~ 550
25 RENO 0.569 0.073 0.301 0.056 0.946 2.1 0.0 ~ 410
26 Double Chooz 0.511 0.087 0.340 0.062 0.935 1.4 0.0 ~ 415

Giunti, 2016
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What does this tell us?
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Giunti, 2016
Is U235 odd?
Are the error bars for U235 just smaller?
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Latest result of Daya Bay
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A Daya Bay
—e— Huber model w/ 68% C.L.
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95%
=(10.1%1.0) x 10743 )
_(6.0440.60) x 10~ 997%

56 6.0 64 6.8 7.2
o935 [10743 cm? / fission]

Daya Bay, 2017
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Only an 1ssue 1if
the  prediction
of Pu239 1n the
Huber+Mueller
model 1S correct.
Hayes et al., 2017

Or there are
some other
neglected time
depedent  flux
components

PH, in preparation.
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NEOS and sterile neutrinos

RAA allowed
90% CL
95% CL

9% L. . NEOS reports a limit,
but their best fit oc-
Bcuded | curs at sin” 20 = 0.05
—— Bugey:3 90% CL. and Am? = 1.73eV?
with a y? value

6.5

the no-oscillation hy-

pothesis.

adapted from NEOS, 2016
DANSS has a similar result.
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DANSS and NEOS
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Dentler et al. 2017

This 1s a spectral effect of rate and shape
predictions!
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Reactor fit
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Dentler et al. 2017

flux fixed (2 dof)

lo C.L. s
26 C.L.
36 CLL.

flux free (2 dof)

lo C.L.
26 C.L.
36 C.L.

Closed 2 o contours
even without using
a flux prediction.
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Global fit
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Gariazzo et al., 2017
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Cosmology 2016

Planck 2016
Nog = 3.15 £ 0.23

leaving not much room for a forth neutrino.

= Planck TTTEEE+IlowP Planck TT+lowP
= Planck TTTEEE+IlowP + BAO = Planck TT+lowP + BAO

H, Mpc 'km/s H, Mpc 'km/s

Bernal, Verde, Riess, 2016

Hy and Ng are fully correlated in Planck data.
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Cosmlogy 2018

New measurement of local (=late) H by fixing
parallaxes to Cepheids yields:

Planck 2016 !
+A CDM !

Riess, et al. 2018

Which 1n turn makes N.g >~ 4 compatible with data.
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Finding a sterile neutrino

All pieces of evidence have in common that they are
less than 5 o effects and they may be all due to the
extraordinary difficulty of performing neutrino
experiments, 1f not:

» N sterile neutrinos are the simplest explanation

e Tension with null results in disappearance
remains

Due to their special nature as SM gauge singlets
sterile neutrinos are strong candidates for being a
portal to a hidden sector — significant experimental
activity.
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Summary

Tension in global fits
 Maybe more complicated than sterile neutrino
* And/or not all data 1s right
» Lots of nuclear physics uncertainties

With NEOS and DANSS we have a positive indication
from reactors of flux predictions.

In combination, light sterile neutrinos are one of the
best cases for New Physics, anywhere!
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Questions?
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NuFact 2018

We 1nvite you to NuFact 2018, August 12—18, at
Virginia Tech, Blacksburg, VA.

P. Huber — VT CNP - p. 31



	Evidence in favor
	Disappearance and appearance
	LSND and MiniBooNE
	Fermilab SBN
	JSNS2
	Gallium anomaly
	Nuclear matrix elements
	The reactor anomaly
	Contributors to the anomaly
	Neutron lifetime
	Neutrinos from fission
	$mathbf {�eta }$-branches
	$mathbf {�eta }$-spectrum from fission
	Virtual branches
	Reactor antineutrino fluxes
	Forbidden decays
	Same for all
	Look at past data
	What does this tell us?
	Latest result of Daya Bay
	NEOS and sterile neutrinos
	DANSS and NEOS
	Reactor fit
	Global fit
	Cosmology 2016
	Cosmlogy 2018
	Finding a sterile neutrino
	Summary

