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NEUTRINO OSCILLATIONS
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FLAVOUR FRACTION OF A NEUTRINO BEAM
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SHORT BASELINE ANOMALIES

➤ Gallium Deficit 

➤ Reactor Deficit 

➤ LSND Excess 

➤ MiniBoone Low Energy Excess



The Ultimate Test

⌫STORM
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Figure 4
Schematic diagram of the nuSTORM facility. The positions of the near detector (ND) and far detector (FD)
sites are also shown. The red box shows the components of the facility that constitute what has been termed
the nuSTORM pion beam line. Abbreviation: OCS, orbit combination section.

3. THE nuSTORM FACILITY
The basic concept for the facility is presented in Section 1, above. After the pions are transported
to the decay ring, they are “stochastically’’ injected into the ring (82, 83), and pion decays within
the first straight section of this ring can yield a muon that will be stored in the ring. Muon
decay produces neutrino beams of known flux and flavor via µ+ → e+ + ν̄µ + νe or µ− →
e− + νµ + ν̄e . nuSTORM uses a storage ring with a central momentum of 3.8 GeV/c (±10%) to
obtain a spectrum of neutrinos that peaks at ≃2 GeV (see Section 5.1). The pion beam line is
optimized to capture and transport pions in a momentum band of 5 ± 1 GeV/c.

The stochastic injection scheme employed by nuSTORM, the feasibility of which was recently
confirmed by Liu et al. (84), avoids using a separate pion decay channel and fast kickers, so it
requires only dc magnets. Figure 4 provides a schematic of this concept, illustrating the compo-
nents of the facility that constitute what has been termed the nuSTORM pion beam line: pion
collection downstream of the horn; transport to the ring, which involves a sign-selection chicane;
and then injection into the ring via the orbit combination section (OCS) (A. Liu, D.V. Neuffer,
A. Bross & S. Lee, manuscript submitted). Pions that do not decay in the first straight section
are removed by an OCS mirror and transported to a beam absorber. Muons from forward decay,
lying in the same momentum band of the initial pions, are also extracted by the OCS mirror (see
Section 3.2).

A complete engineering conceptual design for siting nuSTORM at Fermilab has been com-
pleted (85). Figure 5 shows the nuSTORM facility components as they would be sited at
Fermilab. The design of the facility followed, wherever possible (primary proton beam line,
target, horn, etc.), NuMI (86) designs and consists of six components: the primary beam line,
target station, transport line, muon decay ring, and near and far detector halls. Sited at Fermilab,
nuSTORM operation extracts one booster batch (≃8 × 1012 protons) at 120 GeV from the Main
Injector (MI) and places this beam on target. Note that a full store of six booster matches in the
MI corresponds to 700 kW of total beam power. The 1.6-µs-long booster batch’s length is well
matched to the 480-m circumference of the decay ring. Muons captured in the ring will have just
returned to the OCS as pion injection stops. A layout concept for siting nuSTORM at CERN has
also been developed (87, 88).

The primary proton beam line and target station (and its components, i.e., target and horn)
for nuSTORM can closely follow the NuMI designs. A horn optimization study (89) specifically
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 3 + N MODELS

New mass eigenstates are 
mostly sterile.

Standard Model Singlet
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PRODUCTION DECOHERENCE EFFECTS
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DECOHERENCE EFFECTS - PRODUCTION

P⌫µ!⌫µ = P +

sin2 2✓µµ

2(1+⇠2)

h
cos�+ ⇠ sin�

i

`p
`decay

� 1 � = �m2
41L

2E
⇠ = vi �

L�i

10�1 100 101

E (GeV)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

P
(⌫

µ
!

⌫ µ
)

Far Detector

�m2
41 = 1.25 eV2 Standard

⌫(⇡)

⌫(µ)

NuSTORM

10�2 10�1 100 101

E (GeV)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

P
(⌫

µ
!

⌫ µ
)

Near Detector

�m2
41 = 1.25 eV2 Standard

⌫(⇡)

⌫(µ)

NuSTORM



SIMPLEST 3+1 MODEL
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SIMPLEST 3+2 NEUTRINOS
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3+2 CP VIOLATION PHASE SENSITIVITY
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 WHAT CAN NUSTORM DO?

➤ Look for oscillations in a variety of channels. 

➤ If it doesn’t see anything, bound 3+N model parameters. 

➤ Measure cross sections at the near detector 

➤ R&D for muon storage rings

Neutrino Factories 
Muon Colliders 



STERILE NEUTRINO SEARCHES

Standard Model Singlet  

Mass not protected by any symmetry

It is possible to look for steriles at current neutrino experiments, so why not.

KeV 
Dark matter 
candidate 

eV 
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Produced in 

meson decays 
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Thank you for listening!


