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Fig. 2. Regions of Am? and tan?@ allowed at 90, 95, 9
99.73% C.L. (2 d.o.f.) for SM interactions (left) and the NSI sc

nario (right) described by Egs. (3)—(6). For the latter we - use

u _.d __ w __ . .d _
€ =€ = 0.065, €l =€y = 0.15.
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Fig. 3. The predicted KamLAND spectrum (top) and the
time-averaged solar neutrino survival probability (bottom) for the
LMA -0 best-fit point. For comparison, the standard LMA-I survival
probability is also given. Refer to the text for details.
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FIG. 1 (color online). A 2-D section (€¢,, = —0.15) of the
allowed region of the NSI parameters (shaded). We assumed
Am? = 0 and 6,3 = 0, and marginalized over 8 and Am?. The
dashed contours indicate our analytical predictions. See text for

details.
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FIG. 2 (color online). The effect of the NSI on the allowed
region and best-fit values of the oscillation parameters; see text

for details.
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mnline). Regions in the space Am? — sin’@ allowed by the global fit before (left panel) and after (right pan
, with purely standard interactions (contours) and with NSI (filled areas). For both cases we plot the regions allo®
1 30 confidence levels for 2 degrees of freedom. We have marginalized also over the sign of Am? and took
vated by one of the accelerator bounds (see [9]). The dashed line represents the possible positions of the best-fit p«
: data only in the space of the vacuum paraimeters for fixed 8,, and Am?,, and varying NSI along the parabola (!
.1X 1073 eV2 and §,, = /4, motivated by the best fit of atmospheric neutrinos alone [27].
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[G. 3 (color online). Results of fits to simulated MINOS data
ith statistics increased from the current 0.93 X 102 to 25 X
D protons on target (thin contours). 90% and 99% C.L.
sgions are shown. The “data’ were simulated for two sets of
'S1 and true oscillation parameters: (i) no NSI, sin?8 = 0.5, and
m? =27%X1073eV?, (ii) €, =0, €, =081, €, =009,
n28 = 0.27, and Am? = 3.1 X 1073 V2. The fits were done
1 both cases in the assumption of no NSI. For reference, we also
wow the regions allowed currently by all the data combined, at
0% and 99% C.L. with (filled area) and without NSI (thick
ontours), as in Fig. 1. See text for details.
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[sinz(zeu) =038 Em.g, =7.10"5 ev?2
sin?(26y3) = 0.07|Am3, = 2.74 - 1073 ¢V2
sin?(2623) = 1 6=3 |

TABLE I: The neutrino cscillation parameters used in the simulations.
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FIG. 2: Sensitivity limits ip the sin?(2823)-Am%; plane (2 d.o.f.) for the combined appearance and
_ disappearance channels when allowing NSI compared with the sensitivity limits when not allowing
NSI. The dashed blue curve marks the NSI degeneracy where Am3, sin(2623) = 2.74 - 10~ oV2.

The best-fit point corresponds to the parameter values used in the simulation.
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FIG. 3: The sensitivity limits in the sin?(28;3)-J¢.r| plane (1 d.o.f.) for the combined appearance
and disap_pea.rance channels. The solid black curve corresponds to the minimum x2-value for
given sin?(28)3), while the dashed black curves are the U,3 = 0 (assuming that the relative phase
between the two contributions is 7) curves using the approximation of Eq. (12) for 2 and 4 GeV,
respectively. The correspondipg approximation for E ~ 2.8 GeV coincides with the solid black
curve of the minimum X2. The shaded area shows the CHOOZ bound on sin?(26,3) (at 95 % C.L.).
The best-fit point corresponds to the parameter values used in the simulation.
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[TABLE I.  Parameter values used in our analysis. These were
extracted from a fit to all short-baseline neutrino oscillation
experiments including LSND within the 3+ 2 scenaro
[15,20]). 1o indicates a rough estimate of the 1 sigma allowed
range for the different parameters.

Uﬁ U,«4 U,s Utps Amfl (eV’) Am}, (cV’)

Ceatral value *|0.121 0204 0036 0.224 0.92 22
lo 0015 0027 0034 0018 0.08 24

UTRINO PHENOMENOLOGY OF VERY LOW-ENERGY ..

d jom« J;nkl‘hf‘ Vﬁsw‘?/‘» (200{)_
¢ ’
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FIG. 1 (color online). Neutrino mass eigenstate spectrum
along with the flavor composition of each state. This cast
accommodates all neutrino oscillation data, constraints fron
r-process nucleosynthesis in supemovae, and may help explair
anomalous pulsar kicks (see text for details). While we choose tc
depict a normal hierarchy for the active neutrino states, ar
inveried active neutrino mass hierarchy would have yieldec
svartlv the same physics (as far as the observables considerec

(3+2) § 15!
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FIG. 7: Allowed ranges in (Am2,, Am2,) space for (3+2)
models, for the combined NSBL+LSND analysis, assum-
ing statistical compatibility between the NSBL and LSND
datasets. The star indicates the best-fit point, the dark and
light grey-shaded regions indicate the 90 and 99% CL al-
lowed regions, respectively. Only the AmZ; > Am3, region
is shown; the complementary region Am2, > Am3; can be
obtained by interchanging AmZ, with AmZ,.
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Figure 2. Allowed regions for LSND + KARMEN
(solid) and SBL disappearance-atmospheric neutrino
experiments (dashed) at 99% CL, and their combi-
nation (shaded regions) at 90% and 99% CL. From
Ref. [12].

TR TR TN G v T e e e v o

D@(fj "

B R A————

5’7‘@(\:‘/& |

,
it At /[44)‘”0'01

2} /)’n_\:‘Y?J
~ > ¢, (’é"“)’v Son
)./yt D ))e-f-(X l{;{— _Z;’f . /:/45

'mé'; ftwffel/'

%

J\[Q\ KTnino

2%



g P

L lllilllll’_Illli"l_l"ll

Am*=2eV?

decay N

Am’ =09 eV’ ]

large or small Ani®

Signal in MiniBooNE (arb. units)

0 - 1 )
E, [GeV]

*IG. 4: Energy spectrum predicted for the v, appearance signal in MiniBooNE for decay with gmy; = 3.4 eV

shaded region) and for various values of Am? in the case of oscillations (solid curves). The blue/dark-shaded
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FIG. 7: Oscillation probabilities as a function of F for neu-
trinos (solid) and antineutrinos {dashed) in (a}) KARMEN,
(b) LSND, (c) the proposed OscSNS experiment, and (d) the
currently running MiniBooNE experiment. The effects of ex-
perimental position and energy resolution are not shown.
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Evolution equation in flavor space: {3 = a% *é%}

(0 )= ()

Hamiltonian in the presence of bulk shortcuts:

G cos20 —sin 260
Hr =+3k (—sin29 —00829)+E

BN
N
e |
-
—_— O
N—

= A Resonance exists at F.,., = \/ 20 Ef 7[&7‘, e LT /

2€

— choose Ee = 30 — 400 MeV « e ~ 10718 — 10716
Pas, Pakvasa, Weiler, hep-ph/0504096




~ The active-sterile oscillation probability

P,, = sin* 20 sin?(6H D/2)

- s sin2 2_9
sin” 20 = [sin2 260+ (cos 29—-44)2]

0.1}

sin 2

20

0001 | — KARME

0.00001 |

1 5 10 50 100 500 1000
E IMeVI

Oscillations at £ > FE..s (CDHS)are suppressed!
Pas, Pakvasa, Weiler, hep-ph/0504096




_Scenario with low resonance energy

32
P 0.008
e 0.007 - 43:35
0.005 - '; N\\ ] tB:ea
i & \ |
S \\ LSND standard | faf
0.003 ~ . . 10
0.002 \ : ] 5
- !
0.001 — 0
‘ h‘i 20 25 30 35 40 45 50 55 60
10 20 30 40 50 60 Eo MeV
E: [MeV1
e F...=33MeV;sin?6, = 0.01; e good (better) fit of LSND spectrum

sin® 26 = 0.9; 6m? = 0.7 eV?
e Pisnp > PKkARMEN 1 e NO signal at miniBooNE!

Pas, Pakvasa, Weiler, hep-ph/0504096




7_ Scenariowith highresonance energy

P ™ 260M V -
s e MminiBooNE
300 MeV
400 MeV

0.06

0.04 |

0.02

10 20 30 40 50 60 200 400 600 800 1000

E I[MeV1 E IMeV1

o Ey.. = 200 MeV, 300 MeV, 400 M3V; sin? , = 0.1; sin® 20 = 0.45;
dm? = 0.8 eV?

e good fit to LSND spectrum, Pisnp > PKARMEN

e enhanced miniBooNE signal in thé energy range 100-600 MeV

Pas, Pakvasa, Weiler, hep-ph/0504096
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o S00 1000 1500 2000
. Time, nsec

Figure 1: The neutrine time and energy spectra of the different neutrino species produced
isotropically from a stopped pion source [17].

FNAL (8 GeV) | FNAL (5 GeV) SNS
P/yr 1.6 x 10% 1.6 » 1072 6.7 »x 1072

DAR v(v/ P) 1.5 0.9 0.13

DAR v{v/yr) 7.3 % 10% 4.4 » 10% 2.9 % 1092

Table 1: Proton intensities at FINAT and SNE. The numbers are taken from [18], assuming
3.15 ~» 107 a/yr operation.

Table 1 shows the expected proton rates for both SNS and FNAL beatnlines, normallzed tc
a full year of runalng, i.e. 3.15 x 107 ssconds. The FNAL Proton Dirlver propoeal is broken down
into 8 GeV, 2 MW and 5 GeV, 1.28 MW beamlines. The FNAL 8 GeV option will provide abcout
2.5 times more protons per year than the SN8. However, the FN AL PD is only a proposal, while
the S8NNS is under construetion and will be operational by 2008. This makes the SNS a morve
timely option. Furthermore, the SNS 1s plapning for 2014 an upgrade which will deliver 3 MW
to twa sources, making the interesting situation of multiple baselines with a single detector.

A key component of the stelile neutrino measurement is the physical size of the stopped
pion source, which adds an uncertainty to the neatrino path length. For the SINE, the compact
liquid mercury target will contribute approximately 25cm (FWHM) to the neutrinc path
length uncertainty, The FN AL, source size should be of similar dimensions to minimnize nealrino
path length uncertainties.
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Figure 2: Oscillation length as a function Am? where £, = 29.8 MeV.

Neutral Current Disappearance Pattern
in a Two Detector Setup
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Figure 3: Neutral Current v, '2C — 1, 12C*(15.11) disappearance patterns for a two

SNS on FNAL

detector setup.
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Detector | Source Dist. (m) | FD Size (tons) | FD Length (m) | v, C — v, *C* events/yr
SNS Near 18 25 3 2056

SNS Far 60 500 10 3701
FNAL Near 10 116 5 77806

FNAL Far 100 1300 12 8720

3¢

Table 2: Estimated , 2C — »,, 12C*(15.11) events per year at the SNS (1.4 MW) and FNAL (2MW)

sources, assuming 100% event reconstruction efficiency.

with limited statistics, getting a value of (3.2 + 0.5x4as £ 0.45yst) x 107#2 cm? [21], consistent
with the calculated cross section.

For a proposed experiment at FNAL, we would not have space restrictions, allowiug for
larger near and far detectors. We assume a longer baseline, out to 100 m, and a detector mass
of 2ktons {8 radius), which would be required to keep roughly the same statistics, This
would give a fiducial mass of 1.3 ktons (7 m radius).

Table 2 shows the number of events expected per year for the », 2C — v, "*C*(15.11)
reaction for the two possible configurations, one at SNS with 1.4 MW, and the other at FNAL
with 2MW. The event reconstruction efficiency was assumed to be 100%., as the 15.11 MeV
gamma ray is relatively easy to detect.

A Monte Carlo calculation was performed to estimate the v, '2C — v, "2C*(15.11) oscilla-
tion sensitivity, which includes smearing of 25 cm (FWHM} from the finite neutrino source size
and 50 cm (FWHM) from the reconstructed position resolution for the 15.11 MeV gamma ray.
Also included is background subtraction of charged current {CC) and neutral current (NC)
events from 7, and v, in the beam window [14]. Because we can isolate a clean sample of these
backgrounds in the time window after the beam, we will have an excellent estimation of their
number and character, e.g. for the SNS far detector this is about 1300 events per year. This
background increases the statistical error on the measured v, '?C — u, 2C*(15.11} rate by
at most 45%. The background contribution from cosmic rays is negligible because of the short
duty factor of the beam.

Figures 4 and 5 show the (3+1) active-sterile neutrino oscillation sensitivity for a three year
run at the SNS and FNAL proton driver with two detectors and a 5% normalization systematic
errors. Both setups achieve a v, — y; oscillation sensitivity of 3o for Am? > 0.4eV? and
sin® 26 > 0.05. This sensitivity is desived if the LSND signal is due to active-sterile neutrino
oscillations.

The oscillation sensitivity plots are generated from a simultaneous fit to both the L shape



Consequences for a stopped pion source at SNS

T . 37
400 MeV

1°F
Py

08 |
06
100 MeV
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| |33 MeV

0 20 40 60 80 100 120

D Imil

e E..=33MeV;sin?6, = 0.01; sin” 20 = 0.9; 6m? = 0.7 eV?
e E... =100 MeV, 200-400 MeV; sin® 0, = 0.1; sin® 20 = 0.45; ém? = 0.8 eV?
e strongly enhanced v,, depletion s'gnal

Pas, Pakvasa, Weiler, hep-ph/0504096
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