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What is the sterile neutrino?

@ No SM interactions but massive
@ Not absolute ghost
@ Gravitational interactions
@ New NSils beyond SM
© Neutrino oscillations: ve , v, , vr — vs.
@ Observables
@ Gravitational signals: Extremely hard!
@ Disappearance of active neutrinos v. , v, , v-
@ |Indirect evidence from a global analysis of neutrino oscillation data
© Any others?
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The simple analysis of neutrino oscillation

@ Standard oscillation pictures with jl.‘;‘ﬁ = UaiU,;U5Upje

Am?. L Aam2. L
Pap = dap — 43, <, Re(T57) sin (74;:] ) +230, ., In(757) sin ( 75 >

2
© For 3+1 & Am3; > Am3,, Pey ~ 4Uca|?|Upa|? sin® (LTEL)

® Focus on sin? (2515 ) — Lowe = 24725 km.
If £ ~ GeV and L ~ km = discovery reach of Am? at eV,
@ LSND: Uy — Ue E ~30MeVand L ~ 30 m

MiniBooNE: v,, — v &7, — 7. E ~ 500 MeV and L ~ 500 m
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Why do we need sterile neutrinos?
Are there any sterile neutrinos in Nature?
LSND v.s MiniBooNE
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Anomaly?

MiniBooNE neutrino result o MiniBooNE antineutrino result
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ref: www-boone.fnal.gov/
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Point at sterile neutrinos!
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ref: 1007.1150 [hep-ex] by MiniBooNE Collaboration
Other explanations: CPT violations- - -
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IDS-NF
Initial IDS-NF set-up (E = 25 GeV, L; =~ 4000 km and Ly = 7500 km).
Wrong-signh muon events at NF:

T( " | = et Buve) X Py, X 0w, N — | [X)

FFAG/synchrotron option Linac option
N N

Proton Driver

Hg Target

Buncher

Bunch Rotation

1.1 km

Cooling

0936 Gev
RLA Linac to
. 09GeV

O ———

36126GeVRLA

12625 GeV FFAG

Neutrino Beam

Muon Storage Ring

1.5km

ref: www.ids-nf.org/wiki
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ND at the NF

Parameter ND1 ND2 ND3 ND4 ND5

Diameter D 17 m 4 m 4m 0.32m 6.8 m

Distanced 80m 1000m 80m 80m 1000 m

Mass 450 t 25t 25t 0.2t 2000t

D traight UH
% ecay stragnt . 777777777 O 77777777 Y
3 T
: | | ®) 5 5 =
> Circumference: 1609 m y = N @
lw) w &5 g
g ) o
- —_ @ O
? | $=600 m | d=1000 m |
‘ ‘ d=80 m
‘ 755 m

ref: Phys.Rev.D80:053001 JT,W.Winter
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Detectors

Magetized Iron A hybrid Near

Detector(MIND) Detector(ND-Hybrid)

O0m ~m

ol b Min-TASD MiMIND  Be T
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ref: Detector R&D @ The 6th plenary meeting of IDS-NF by P. Soler.
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Parametrization and mass schemes

Our parametrization explicitly reads

Sensitivities at NF

Sterile neutrinos with arbitrary masses

U = R34(034, 0) R24(624, 0) R14(614, 0) Ra3(f23, 93) Ri3(613, d2) Ri2(f12, 1)
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Systematic analysis of mass ordering A

Amj, [eV?] | sin® 2014  sin®2024  sin® 2031 | 014[°]  024[°]  034[°]
0.001 0.403 0.029 0.042 19.7 4.9 5.9
0.01 0.224 0.004 0.044 14.1 1.9 6.1
0.1 0.054 0.013 0.047 6.7 3.3 6.3
1 0.001 0.0009 0.047 0.9 0.8 6.3
10 0.0002 0.0002 0.047 0.5 0.5 6.3
100 0.0043 0.0006 0.047 1.9 0.7 6.3
1000 0.0168 0.015 0.047 3.7 3.5 6.3
1 T T
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Generalized exclusion limits
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LSND-motivated Am3,

FD NDFD
35 12
o, == FDisysonly - Am;l: fixed 1ev?

30p et s\, — FD 10 — Amg,: marg. 1ev?

i -~ FDtFD -+ Am?,~eco: driven by ND
25 i --- Current Bounds - FD only

H 8 -
20 |

<&

15

Bounds from ref: 0812.3703
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NDFDeNF v.s MINOS
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Summary

& We invstigate sensitivities to sterile neutrinos with arbitrary
masses at NF. Two mass regions are available:
@ one is LSND-type by ND;
e the other one is close to atmospheric Am3, by FD.
& Four mass schemes are allowed but have different
sin? 26;4 — Am3, dependence.
# For the special Am?, ~ O(1) eV?, we discuss whether 7
detections are necessary or not. Meanwhile, we compare our

results with those in MINOS. ND takes an important role in the
game.
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Summary

& We invstigate sensitivities to sterile neutrinos with arbitrary
masses at NF. Two mass regions are available:

@ one is LSND-type by ND;
e the other one is close to atmospheric Am3, by FD.

& Four mass schemes are allowed but have different
sin? 26;4 — Am3, dependence.

# For the special Am?, ~ O(1) eV?, we discuss whether 7
detections are necessary or not. Meanwhile, we compare our
results with those in MINOS. ND takes an important role in the
game.

Vielen Dank!
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Osc. Probabilities at ND

Pey = Pue = 4ciys1455, 5in* (A
Per = 40%40345%4334 sin(Aqr)
Pes = 4c%4cg4c§4s§4 sin?(Aygy)

Pee =1- sin2 (2914) sin2 (A41)
Prue = 4ci,574534 sin’(Ag1)

Pur = 40%40343343?’,4 sin®(Aur)
Pus = 404114034034534 SiHQ(A41)

P =1 — clys34 [3+ 2¢3, cos (2024) — cos (2014)] sin®(Agy)
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