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Anomalies:
New v-Oscillation?




LSND (stopped n* beam)

Anomaly on the electron antineutrino interaction rate

800 MeV proton beam from Baseline of 30 m
LANSCE accelerator

E=[20 - 50] MeV

Water target L/E =1 m/ MeV

Downstream of target

Copper beamstop
Detector

Detection reaction
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Karmen (stopped n* beam)

Oscillation not confirmed - exclude part of LSND

Proton beam from
LANSCE accelerator

Water target

Proton beam from
ISIS accelerator

'_111;11;

central detector

7

17.4 cm

— &d,O;-paper

178 cm ~S
module of ~~—_ _
central detector detector
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Shielding blocks (salvaged
relics of the cold war)

nstream of

neutron-sapture

Water plug (more shielding)



LSND Results

1 § e ln ® Beam Excess
= st results in 1995 & e poan e
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o o m 125
= Channel: antl-vu — anti-v, )

= Detection: anti-v _+TH > e* +n

= Baseline: 30 m

1.4

1.2

= Energy: 20 < E (MeV) <50 S UE (metersey)
o 10 T T T
= Status: B
= anti-v, excess observed Bl -
2> 32.2+9.4*2.3(3.80) Karmerl;uge CCFR|
= not confirmed nor ruled out by Karmen .|
: NOMA
= v-Oscillation interpretation: 10 .
= Am2>0.1eV2>> Am,, 2 . 09% Eiﬁﬁziﬁg
» Require a 4t neutrino state 107 T R R
sin® 20
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ez} The (light) sterile neutrino hypothesis

Add a light v; to SM, no SM interaction but mixing with active v’ s

No coupling with Z boson (LEP)
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JV-mixing
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@ MiniBooNE

Primary goal: look for v . appearanceina v , beam
Check the LSND with similar L/E

- - 9
Booster L | v ol & "
Magnetic Decay R B M B L R B P
focusing horn region Absorber 43?nm

= Beam: nt* (m7) decay in flight
= Detection: Cerenkov + scintillation
= L/IE=1m/MeV

= Baseline: 541 m

= 200 <E (MeV)<3000

= Statistics:
= v:6.46 x 1020 POT (2008)
= v:1.27 x 102°POT (2012)
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MiniBooNE Results

V, 2 Ve
>  3C
= Results published from 2007-12 s F o Dua
*3 * E_+ % z: from L}?
o H H > 2:— + LSND signal o VS fr(.)n.] K?
= Channel: (anti-)v , — (anti-)v, c IR s
1.5 * I dirt
. [ other
= Detection: v (p)n 2> e p (CCQE) 1 Total Background
0.5
= Results: .

= An overall 3.8 0 excess of events 02 04 06 08 1 1.2 14 15 3.

QE GeV
= Mostly at low energy - 3% = (oD
> f e :
— ]
* Interpretation: g 12r Antineutrino .
= Backgrounds issue? 1ol l LSND sgnat 3 Cirom ™ :
(to be checked by MicroBooNE)  os ' =R .
= 4th heutrino? Or more.... 06 | Som 1
0.4 1 . :
= MiniBooNE is not conclusive to check , iy g P ]
the LSND anomaly E=m——— |
O'00.2 0.4 0.6 0.8 1.0 1.2 14 15 3.0
ESF (GeV)
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New Reactor v-Fluxes

Increased prediction of
detected flux by 6.5%

N
TTTTTTT]T l'| T T ] ° ° ° ° °
- Emitted spectrum ——5 l) Neutrino Emission:
""" Cross-section = Improved reactor neutrino spectra
— Detected spectrum \ —+3.5%
’U? ”,
< = Accounting for long-lived isotopes
> | T New T, in reactors — +1%
© \_‘ /
% \\ S ov. AE)) <1/,
§

i) Neutrino Detection:

New

fluxes =  Reevaluation of ogp — +1.5%

(evolution of the neutron life time)

E, (MeV) = Reanalysis of all SBL experiments
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2Z] Reactor Antineutrino Anomaly

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

[rrrrrrrrrrT T ||:III|IIII|IIII|IIII|IIII|II
hep-ph:1204.5379 || :
|

= 19 Short Baseline Experiments (L<100m)

ROVNO88_3S —3
18.2m

0.92 =0.01 +0.07

ROVNO88_2S 0.94 =0.01 +0.07
252m

= Observables: ratios of observed event

ROVNO88_1S
182m

0.95 +0.01 =0.07

L TELEY LR EED

ROVNO8S_2! { 0.93 :0.01 :0.06 rate to predicted rate of events
ROVNOSS_11 : 0.90 =0.01 0.06

SRP-I —— 1.00 =0.01 =0.04 = 2011 results

SRP-| Ean 0.94 +0.01 =0.03

= Average: 1 =0.943 £ 0.023

o T P8 000 =008 = 98.6 % C.L. deviation from p =1
ga‘s%emsgen-lll : 0.91 +0.04 =+0.05
Z(1':‘6.c())emsgen-ll r—L—A—l—i 0.97 +0.02 =+0.06
Goesgen-| HH : 0.95 +0.02 =0.06 " 201 2 reSU|tS
Bugey3 : n : 0.86 =0.11 =0.04
e T pot =001 =008 = Average p = 0.927 £ 0.023
%gggfy-SM C ,*. i : 0.93 +0.00 =0.04
|
| = 99.7 % C.L. deviation from p =1
WLl Average * : 0.927 =0.023
b b oo @b e b b b il = 2014 3: update: refined analysis
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

VMeasured / VExpected, NEW
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Ratio = N°obs/Npred

2013 Reactor Anomaly Update (new)
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—Bugey-4 / Rovno 91
<«—Bugey-3
<«—Goesgen / ILL
<«—Krasnoyarsk
<—SRP

*—Rovno Integral

“<Rovno LS

2 s 4 5678 g 2 5 4 5678 1 2 s 4 5
Distance (m) / (E,) (MeV)

All known nuclear corrections to 5 -v spectra.
Refined treatment of experimental correlations
Latest updated neutron mean life (7 ,, = 881.5 s).
Corrects for a statistical bias (1% shift)
km-scale baselines (Chooz, DC, PV)

= correcting for 6 ,; deficit from Daya Bay’s measured value

2013 result: 1 =0.936 £ 0.024, 2.70 deviation from unity
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™\ Palo Verde, CHOOZ &
Double Chooz

Daya Bay’s 03
measurement



s=) Experimental Artifact or New Physics?

1A R R R R TP [

no oscillation Solar Neutrino
R e e S e—— Anomaly o
(1968-2001)

- v-oscillation

0.7 I\ J Atmospheric
L ™ Neutrino Anomaly

Ratio of Observed To Predicted Reactor-v’s

06l rerralncognita Reactor (1986-1998)
' Additional Antineutrino - v-oscillation
— Experimental Anomaly (2011-)
0.5— Inputs Needed - v-oscillation ?
o0.4LLLI I IIIIIII‘ I IIIIIII‘ I IIIIIII‘ l IIIIIII‘ L L L |
0 10 100 1000 10000 100000

Reactor - Detector Distance (m)
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<z} The Gallium Neutrino Anomaly

S1Cr (27.7 days)

= Test of solar neutrino radiochemical
detectors GALLEX and SAGE A

- TGal7Ar + v, — 'Gel*Cl + e 757 KoV v 85%).

320 keV y

= 4 calibration runs with 0.6 - 2 MCi
Electron Capture v, emitters v
= Gallex, <L>=1.9 m
= 51Cr, 750 keV
= Sage, <L>=0.6 m —
=S1Cr & 37Ar (810 keV)

= Deficit observed
= 30 anomaly

= Supported by new "'Ga(3He,
3H)"1Ge cross section meas.
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Sterile Neutrino Interpretation

Fit to v, and v, disappearance hypothesis (3+1, Okkam razor)

% cos 0 sin 6 % Am? L
1 . .
e) = e new ( ),Pee =1-sin’(26,,, )sin’ ( new
Vv, -sin 6 ., cos 0., N\V.. E
1028: I I T 1 |||| % I I T T 1T I I L T T TTH 1028: I T T T =
sE 2 dof Ax? contours =00 % H sf 2 dof Ay? contours =
‘L ——95 %] ‘L ]
2 —99 % 2 1
10' —— 30l 10} E:
i ? | : i; 1
N 2: % — : 2: :
> .

e’ 100 E ﬁm __-.'ﬂ::% — 2 1008: =
e T — SR I 1
< An !’M _ s i
B S— = 7 I i
107 — = 10_35 3
i Reactor Anomaly 2013 update I 10_: - GalliumAnomaly |

10 T s i s e TE T s T T s e -3 2 S 4°eTe 5 2 3 48678 g 2 3 450678
107 107 107 10 10 1C

1
. 2
sin2(20) sin"(26, )

No-oscillation hypothesis disfavored at >99.9% C.L.
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Interpreting Data
As v-Oscillation




@ Anomalous & Regular Results

Anomalous

LSND
MiniBooNE
Gallium
Reactor

Regular

KARMEN
lcarus/Opera

CDHS/
MiniBooNE

Minos

Source

Meson Decay-
at-Rest

Meson Decay-
in-Flight

Electron
Capture

Beta-decay

Source

Meson Decay -
at-Rest & Flight

Meson Decay-
in-Flight

Meson Decay-
in-Flight

Type

v, dis.

v, dis.

Type

Signal

Total Rate, Energy

Total Rate, Energy

Total Rate

Total Rate, Energy

Signal
Total Rate, Energy
Total Rate, Energy

Total Rate
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Channel

CC

CC

CC

CC

Significance
3.80
3.80

2.7-3.00

2.70

Channel

CcC

CcC

CC



<2} Sterile-v Oscillation Phenomenology

() .
" v, disappearance (Reactor, Gallium, ...)

2
. o Am;

= P _=1-sin"26_sin & sin’26,.=|U,,
4E

(v
(am)
= v, disappearance (CDHS, MiniBOONE, Minos,...)

. _ ) . 2Am2
P,=1-sin"26 sin 4E41

& 5in*26,,=U,.[ (1-U,.[ )

(an)
" v, appearance (LSND, Karmen, MiniBooNE, ...)

. 2 . zAmil . 2 1 . 2 S
" P,=4sm"26 sin e & sin“26, zZsm 20,5720,

v,— V., appearance requires v, & v, disappearance
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Experimental
Prospects




o3 Experimental Prospect:
@ Nuclear Reactor

SOLID @ BR2, Belgium DANSS @ KNPP Udoimya

- = = Ve - g > - - 7
g & ¥ Neutrino4 @ SM-3
: S, .— Dimitrovgrad , - .+
. Eearc Sagw -]
r . 2 ;:'.s > J

Test of both reactor & gallium anomalies
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<=l Testing v, disappearance anomalies

* Need direct test, beyond the current mean deviation
from predicted rate

* Input from sterile neutrino fits
E(MeV
=Am2=0.1-10 eV2 > L__(m)=2.5 (MeV)

> = 2-10 m
Am~(eV"?)
= sin?(20,.) = 0.01-0.15

= Experimental specifications
= Compact neutrino source (with respectto L)
= Good vertex and energy resolutions
= High statistics (few % stat. uncertainty)

* Few % syst. uncertainty 2> Low Backgrounds

= Search for a new oscillation pattern in E & L completed
by normalization information
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IBD Signal & Backgrounds

Inverse Beta Decay Background rejection

Vv.+p—e +n

e

Accidental y-neutron coincidence

- Shielding
- Segmentation
- Neutron discrimination

= Fast-n correlated background

- Rejection of recoil protons with PSD
— Cosmic rays induced:

Reactor OFF

Overburden

- Reactor induced:
Selective coincidence - must be neqligible

e* prompt signal & n-capture
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New SBL reactor experiments

Typical reactor core sizes

= Compact reactor core
= No oscillation smearing

= High statistics (few 100 evts/day/t)
- High Power (10-3000 MW)
- Short baselines (5-50 m)

1 meter

= Highly enriched fuel
- Well known 235U fission spectrum

= Reactor ON/OFF periods
- Moderate overburden compensated by accurate
measurement of the cosmogenic bkg component

= But challenging reactor-induced backgrounds (y and n)
- Need comprehensive site characterization
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Experiment Type

Reactor v Proposals

Experimental Strategy

Mature Gd-doped LS
detector Technology

- Clear signature of n-capture (8 MeV y-cascade)
- High light yield — fast n background rejection by PSD

- But sensitive to high-E y' s — need large passive shielding

Highly segmented
detector for
background reduction

- Vertex correlation between prompt and delayed

- Topology of E depositions:
e — compact track
v — longer interaction length

Enhanced
neutron Tagging

- Unique signature of neutron capture with Li-doped LS/PS
‘Li+n—oa+t

2 detector complex
or Moving detector

- Better sensitivity to lower Am?
- But Need larger volume and/or longer running time
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Reactor v Proposals

Experiment .
pType Projects P Mt L Depth
Nucifer (FRA) 70 MW 0.7 tons 7m Few mwe
Mature Gd-doped LS
detector Technology Stéréo (FRA) 50 MW 2 tons [8-11] m 10 mwe
Neutrino 4 (RU) 100 MW 2 tons [6-12] m Surf.
Highly segmented DANSS (RU) 1GW 1 ton [10-12] m 50 mwe
detector for
background reduction
SoLid (UK) 45-80 MW | 3tons 8m 10 m
Enhanced
neutron Tagging Hanaro (KO) 30 MW 0.5t 6m Few mwe
. 20-120
US project MW - 4m & 15m Surf.

2 detector complex
or Moving detector

China project

DANSS/Neutrino4

Th. Lasserre — ICFA-v 2014

Movable detector



EZl  Nucifer @ OSIRIS (Gd-LS)

Originally Dedicated for non proliferation

Osiris research reactor h |

= At Saclay, France
= 70 MW, 20% 235U

Detector designed for reactor
monitoring studies

= 850 kg Gd-loaded LS

= Currently 250 / day

= Shallow depth (few mwe)

Modest sensitivity to sterile-v:
= Compact core: 60x60x60 cm3
= Short baseline: only 7 m
= But Simple design
& Challenging Reactor bkg

Data taking started 04/2013
Shielding Upgrade Feb. 2014
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Nucifer: First Neutrino Run

= No reactor induced fast neutrons
= but need further y attenuation (lead, 4 cm) for sterile v search

100

500 |_ T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 ]

B —u— Observed v / day -

- Expected v / day _

v rate &—_ Reactor OFF background ]
I ——— Thermal Power (MW) + .

300 _:

200 _:

Ill\i'lll|llll|l

% “

O._...._.._._.- - —

1__ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
Shallow depth but 10 20 30 40 50 60 70

efficient rejection
of cosmic bkg Days after March 22, 2013
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factor 4 attenuation of vertical flux
from water pool

Stéeréo @ ILL (Gd-LS)

Start Data Taking in 2015

70 tonsyandn
shielding

Relative measurement in 6 cells

— 1st cell
|—5th cell

e
©

50 MW core
h=80cm, ®=40cm

[8.5-11] m
baseline range

Expected / observed ratio

e
o
a

o
)
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1 GW extended core

Good overburden

Vertical motion of the
detector (9.7-12.2 m)

Highly segmented detector
— background rejection

50 MPPC

Plastic strips with Gd-loaded X-Module Y_"‘”ﬁ 2 a2 5
interlayer, WLS fibers somPe___ L

readout

Start in 2014/15?

100 WLS fibers
(2 per strip)

100 WLS fibers
PMT (2 per strip)
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Neutrino-4 @ SM3 (Gd-Ls)

= 2.5 m3LS target, 5 section
movable detector [6-12] m

= 100 MW compact core
= Detector at Surface

= Status:
= Shielding integrated
= Startin 2015

Pb shielding

borated
polyethylene
shielding 16 cm

reactor
antineutrino
detector

one detect '

section with anticoincidence

motor for detector movement scintillator plastic shielding
with PMT

Th. Lasserre - ICFA-v 2014



US effort: 2-Detector Oscillation

reactor core

LS target based detector 1 \

=
n-
. -

technology =~

3 reactor sites . \

= NIST-20 MW
= ATR-85MW
= HFIR-120 MW

detector 2
~15m
Surface location x10 det1 vol.
passive shielding
2-detector concept g / vl
Status: (
= Sijte characterization
ongoing
= Start 2016?

\"active target, /|
segmented ™ —t
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Influence of Source/Detector Parameters

All current projects have the sensitivity to test the reactor
anomaly space of parameters, Am2>0.1 eV?, sin226>0.05

10
(b)
| —— US SBL Reactor

Stereo
DANSS

Am? (eV?)
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oY Experimental Program:
@ Neutrino Generator

7%‘ -

sox@LNGs N

Test of both reactor & gallium anomalies
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v Generator Proposals

Type | Detection | Background | Isotope | Production Activity Projects
. Sage
Detector
Vv.e—v_ e i ivi °1Cr M >3 MCi LENS
e50/ c e Radioactivity 0.75 MeV irradiation
o =res t,,=26d in Reactor >10 MCi SOX
15cm R, Solar v (SNO+)
Y o (irreducible) gfast >1 MCi i
, 37Ar irradiation
or Radio- t .
chemical | impurities | C8Mev | MmReactor | o giochet
P t,,=35d (breeder) : icoche
Ze=p1 ;)Nel;\;' 144Ce spent nuclear 75 kCi CeSl_g)l(\lD
e reactor v, E<3MeV fuel :
(e*.n) geo v, t,,=285d | reprocessing 500 kCi Daya-Bay
’ +
7 0Sr
7 5% E v.gene.ra.\tor REE i _
€ 15 c:n 'r::fes impurities 106Rh extraction
SH>Hee v , SH Irradiation in : KATRIN
EC/B-decaye Kink search E<18 keV reactors 3Ci (Mare/Echo)
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ezl Search forv > v with%Cr/44Ce

dN A(t) ) Am°R
d—R(R,t) o ¥ <c7> x NP gm xP_ B

350 ‘ ‘
300 _
250 i
£ 1
o]
£ 200 _
o .
e
c 150+ no oscillation -
z U =0.25 and Am?, = 3.0 eV? ]
e4 M
100+ _
,,,,,,, U =0.25 and Am?, = 1.0 eV?
A e4 M ,
50-|1 U _ =0.25and Am2. = 5.0 eV? —
i e4 M ]
0 x x x x x x
0 1 2 3 4 5 6 7
rec
140 T i T T T T T T T T i 7‘7 ‘” 7“”!’ V‘ 7‘7 \‘7 ‘I V i 7‘ 7‘77‘ T T i T T T i i T L s T e T e
Energy resolution = 7.0%/sqrt(E) - e H e . ]
120} Vertex resolution =15cm __| — Z A] e 75\kCl
] el 144G o H4PY
100} i \\J
£ 1
o]
= i
o .
=
c 60- no oscillation -
= U =0.25and Am?, =3.0 ev? .
— Te4 |
40+ B
,,,,,,, U  =0.25 and Am2, = 1.0 eV?
e4 M ,
20 U  =0.25 and Am2, =5.0 ev? .
- - e4 | |
0 i i i i i i L)
2 4 6 8 10 12 14 16
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Teelhtel

S1Cr neutrino generator

3v.96 d

= 51Cr EC E,, = 427 keV 9 %
s E=0.75 MeV E, =432 keV 0.9 %
= t,,= 26 days

Ep = 747 keV 81.6 %
En =752 keV 8,5 %

* Production through ny, oavion [ S1Cr

irradiation of enriched stable
S0Cr in a nuclear reactor

* Need 10 MCi >'Cr
= 2 MCi in Gallex/Sage

= Detection:
"""Ga+v,— "1Ge + e ~
= y scattering off electrons Gallex source & shield
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S1Cr: SOX (Borexino)

Buffer liquid
1300 m?

Re-use Gallex 36 kg of

enriched chromium 37.233?1??‘12‘3?;1”;‘12{‘ |
€

= Production reactors NY'V' .

=Oak Ridge (US)

*Ludmila (Ru)

Tank
= Source 8.25 m from center T | — Dy oo A
. Phase B

g Phase C
‘ SICr tunnel beneath detector

sDetection as for 'Be solar v

r
= Well known background g
4000;'
= Status: a
*Preparation for irradiation o A Ve '
and transportation (10 MCi) 3000; s::(;;)o o )
2500 I year
= Staged approach: 5Cr & 144Ce .
0 100 200 300 400 300 600

distance from center (cm)
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144Ce-144Pr v generator

o 1st Trick: v, source detected via v_+ p > e* + n (Thr=1.8 MeV)

= High IBD cross section - 75 kCi activity

= (e*,n) detected in coincidence - Strong background reduction

85 d
144C€ R- 17 mn

= 20 Trick: 144Ce-144Pr <318keV 144p,

R-<913keV
1 %

= Abundant fission product (5%) fs-<21381 keV
Y

' 2185 keV
0.7 %

= 1%4Ce: long-lived & low-Qg =
Enough time to produce, B- < 2996 keV

transport, use 7.9 %

= 144Pr: short-lived & high-Qg; -
v -emitter above threshold

144N\
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144pr Signal

- 9.3 m from detector center — 1.5 year
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144Ce-14Pr: CeLAND (KamLAND)

| ere

- = 75 KCi of 144Ce-144Pr (CeO,)

W-alloy top flange
(d=18.5 g/lcm3)

W-alloy y cap
(d=18.5 g/lcm?)

* Production feasible at Mayak
Facility (RU) in 2014 (1 y)
= Standard SNF reprocessing

= Ce extraction through
displacement chromatography

e source capsule
(d=4-5 g/cmd)

W-alloy shield core
(d=18.5 glcm3)

* Need 16 cm tungsten-shield

= KamLAND being prepared
= Deployment

* in water veto (3-16 m)

" [n Xenon Room (5-18 m)

* Run in // with KamLAND-zen

i
Iz

: i - : NN [ ] TR
0 (//HTGASANS AN Y, SN [T
3 Iy UA % &

A
il

il

1
|
I

=

——

==

:

e e
e e e ]

ESESEEES

y:-=S=S=S=S=====
y :"4||\\‘qu
{1 \ eI -

= Deployment in 2015/16
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B) Route identified (4 weeks journey for CeLAND)
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v-Generator sensitivities

CeLAND (KamLAND) SOX (Borexino)

75 kCi 144Ce-144Pr — 9.3 m from detector center-1.5y

102 _ ] - I 1 - 59Cr@8.25 m, 144Ce-14Pr @7.5 m - 144Ce-144Pr inside
E gé% CoLo ] E N"_ 10 [— T T L | T T T T T T 1T T 1]
F 1 g - -
1 |
1 0 R 1 — —
o~ B _
N — |
% B n 1= : -]
~ (] [ M RA: 95% C.L. : ; ]
z 10° - DN i3 = RA: 99% C.L. ) x N
NEC o " bestfit - - —— *'Cr:95% C.L. 7
b3 B L ] S *'Cr: 99% C.L. i
B | | —— 1%Ce (water): 95% C.L. oy < -
4l TN, e 144Ce (water): 99% C.L. PN
10 = L = 10— 1#Ce (center): 95% C.L. . |
E : : S TR e O - E ----- 144Ce (center): 99% C.L. .. Lo "~-.~_.:
- -r?:e:-f Shz:pe3 o B . - Solar+KL: 95% C.L. R -]
-~~~ . shapeonly Bl : B B Solar+KL: 99% C.L. N
|1 Reactor v anomaly, PRD 83 073006 (2011), 95% CL ] - oAt 1 | .
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“ Source: 'H— SHe+e +v,

= 3 spectrum shape depends on:

<m/3>=\/2 U

1,2,3,..

2 2
l’Ili

= Hypothetical 4t v contribution —

<m/5 >4 - |Ue4

—>Search for a kink few
eV below end point

2
Amy,

= KATRIN -as designed- can test
the v, disappearance anomalies

Search for v, with 3H g decay

05

0.41

o
w

# Electrons
o
R

011

Mg

:Em

-- m;y=1eV,9%0%CL.

my=2eV,90%CL.
global fit ,90% C.L.
Bugey3,99% C.L.

——Bugey4+Rovno ,99% C.L.
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1072
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oY Experimental Program:
@ Neutrino Beam

Test of LSND/MinibooNE/reactor/gallium anomalies
If positive signal, detailed study of sterile-v phenomenology
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v Beam Proposals

. Oscillation .
Type Source App. /Dis. Projects
yp PP Channels )
p+°Be —8Li+ 2p
D Isoto&: t n+7Li— 8Li Dis. v, vV, IsoDAR
ecay atRest| g ; oo 4o+ 7,
. +_ M+V T OscSNS,
Pion (Kaon) ot App. & Dis. Y Ve DAE & ALUS,
Decay at Rest e e ™ Ve KDAR
- Vy— Ve MINOS+,
PionDecay | == u'v, : v, — V, MicroBooNE,
in Flight L o Vv App. & Dis. v, LAr1kton
V, — V, Icarus/Nessie
. _ VvV, —V
Low-E w—>e* v, ve . Ve v
Neutrino App. & Dis. vt v STORM
Factory Ww—>€ Vv, Ve \f — \J/ie
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@ Pion Decay in Flight v-sources

» |carus/Nessie at CERN (also proposed at FNAL)
» Move T600 (2 x 300 tons) from LNGS to CERN new T150 (150 tons)
* New magnetized muon spectrometers
= New neutrino beam extracted from SPS (on-axis, few GeV, fast extraction,
4.5 10'° potly, neutrinos & antineutrino runs)

1‘1 I-.l

- v

TR vl Sty
e

~ Primary beanfa_‘ ;'_‘_'.-.—-_;J')" Y _4,=~é!~_.._,_..‘ .
~600m from,ta?rgeJ area / \i!-il'%L Near Detector Facility
) ' @456m from target,

)

| Secondary beam N\ EHNI extension: F ar Detector *":acilizfy
In front of EHNI1 @1600m from target
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Pion Decay at Rest v-sources

Decay-at-Rest gives ‘:"-Vu
] H|gh Energy Proton source isotropic neutrino source ' _
3 ump
» Each t* decay &
- Vg . + proton
"V Ve Vy e&"‘(‘c’&‘.--"". v ' }%;
= known E spectrum A oo g
~J ;
» Near a large detector Ye H oefore
. < ecay
= Cherenkov (water or oil) Appearance?
= Liquid argon i
v

Detection channels

- yv,— v Disappearance 0
= U ,— V,Appearance -
2

OscSNS R

» Liquid scintillator

Direct Test of LSND , o\
800t detector @ 60 meters 0 10 20 30 40 50

v—Energy (MeV)
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Muon Decay Rings: v-STORM

* Neutrino Factory Concept
» 60 GeV protons on solid target
= Horn capture and =« transfer
* Muon storage ring

Neutrino Beam

Muon Decay
Ring

94 m

= APP and DIS channels with:
* Well known beam of 7', v

e

= kT-scale Minos-like
= 2 km baseline
» Magnetized (tag muon charge)

= Golden Mode ( u * stored)
= v ,APPina v beam

é Target
(e

= Definitive sterile v search
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28 Beam Experiment Sensitivities

Disappearance Appearance
o o 10
J s (b
o~ o~ —— nuSTORM
g g — LA
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ICARUS/NESSIE

95% CL

. 2 10 10 10 . 2
sin 29ee sin 29ue
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3+ 1

-+

3+ 2

Oscillation L/E Waves with High Statistics
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g 0.90 V\+‘+/‘ \J \ o 90 / + _
20 g a0 W
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085 b e r 0.85 S ; : —
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L/E (m/MeV)
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Conclusion (1)

»2.7-3.8 0 anomalies (each) calling for clarification

= LSND & MiniBooNE?
» Gallium Anomaly
= Reactor Anomaly

- A m2=eV2Sterile Neutrino? Or Experimental Artifacts?

* But also negative indications:

= No deficitin Am2=eV2muon disappearance

= Tensions in global fits (APP vs DIS)

= Establishing the existence of sterile neutrinos
would be a major result for physics
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Conclusion (2)

* Many proposals with capabilities to unambiguously test
L/E=1 m/MeV oscillatory behavior with low backgrounds

= Reactor Neutrinos

= Results within 5 years, Modest Cost (2-10 M$)
» Background mitigation is challenging

= Neutrino Generator

= Results within 5 years, Modest Cost (<5 M$)
» Challenge for the source production and transportation

= Neutrino ‘Beam’

* Longer Term, Higher Cost
= Would allow a complete study sterile neutrino phenomenology

* Independent tests through S -decay and (5 5)0 v -decay
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