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Different experiments

Reactor experiments (v, disappearance): 6,
MiniBooNE and LSND (v, appearance):0,,+0,,
MINOS (NC and v, disappearance) 0,,+ 03,
MiniBooNE and LSND, CDHS, CFFR (v, dis):0,,
MINOS+ (vu disappearance) : 6,,

MINOS+ (NC disappearance) : 0,,+0;,




Improvamemﬁs

 MINOS+ Monte Carlo used for this analysis
— Previous used reweighted LE events

 Oscillations at the Near Detector are
incorporated

* A complete 4-flavour oscillation formula is
used to allow lower reach in Am?,,

— Down to where interference with atmospheric
oscillations occurs (Am?,; = 2.5x103eV?)



MINOS+ advantages

* MINOS+ will have very high statistics

* 2 detector experiment

— Normalisation measurement at FD rather than
shape only (MiniBoone, CDHS, CCFR)

— Two baselines : 1km and 735km



Some Mathematics

And helpful assumptions (but these
not implemented in simulation)
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Thought SimPufmaﬁoms

* Am?,, dependence can be neglected at this L
and E, so | _
sin® Ag; = sin(2As1) = 0
Ayp = Ayqy and Azp = Ay
Py, =1 — 4{|Uu3|2(1 - |Uu3|2 — |Uu4‘2)3in2 Az

+|Upa|?|Ups|? sin® Ags
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Thought simﬂbﬁcaﬁams

Us = —sinfigsin 03¢ %1 sin Oyse %02 + cos O3 sin fa3 COS 024,

Uu = cosbigsin Ooue™ 02,

* 0,5 is small (set to 0), and so 9, irrelevant

’ 614 is also small (~90) : sin 924 COS 914 ~ sin 024
* End up with:
UN3 = sin 023 COS 0247 UN4 = sin 6246 —102

* Above Am?,; of 10'eV? sin?A,, and sin?A;5,=0.5
* And Probability at FD:
1

= 1- sin2(2023) cos? Oy, sin® A3y — 5 sin? 204.



The Limits from Last
PAC

MINOS AND MINOS+
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Characteristics of Limiks

* 10'%<Am?,,<1eV?: FD in fast oscillation mode
and probability averages to 2, so no sensitivity
to exact value of Am?,,

* Am?,, greater than 1eV%Near Detector
spectrum affected leading to more structure
to the exclusion region

* As Am?,, goes above 10eV% ND and FD both
see fast oscillations, so comparison cancels

the effect



D sterile examyte
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Near Debtector Examyi&
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MINOS+ 6,
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St mary

 More careful job results in much larger reach

 NC additional analysis not yet complete but
improvement expected between 102eV?and
10-3eV>2.

* MINOS+ has a world-beating sensitivity to
this sterile search for both neutrinos and
antineutrinos over large range of mass
splitting



