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e« |[Amignp| > |Am3,|(> Am%,), therefore impossible with 3v
Historically, large active/sterile mixing considered (e.g. 2+2)
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Sterile neutrinos e cotee
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e« |[Amignp| > |Am3,|(> Am%,), therefore impossible with 3v
Historically, large active/sterile mixing considered (e.g. 2+2)

But now 'know’ that Y, |[(v,|v;)|? = 1 fora = u,e; i = 1,2,3
« Extra v must be largely decoupled*

» Usually only consider |[Am3;| > |Am3, |

» Usually search for v, (large Am?) not v, (NC depletion)

Normally analyse 3+N models with small active/sterile
coupling — can use 2v formalism for setting limits.

[*In theory; not always the case when setting limits]
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Sterile formalism e ot
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Pretty much impossible

« Upper matrix Uz similar to 3v PMNS matrix (but be careful!)
« New active components U,, (etc) are relatively small

« Sterile-sterile mixing unobservable: lower rows from unitarity
— In practice v, row is also very difficult

Overall: Lots of parameters and not many constraints
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2 .
Take |Am3, | - 0; Leaves only one mass
Assume vg (etc) are decoupled. | scale in the oscillation

4F

2
Then P(vg # Vg) = 4(1 = |Ugy|?)Ugyl? sin? (F5222)

sin? 26,4

2
Also note: P(va — vﬁ) = 4sin? 6, sin? Opp sin? (ATZ;L)
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v, searches performed at off-axis near detector (ND280)
"SBL" L/E suitable for 1 s |[Am?|/eV? < 100

— Smoothing of energy dependence from decay volume length
— Larger Am# possible (rapid oscillation) but less sensitive.

— Can in principle do v, - v, and v, v, disappearance channels,
but only two are truly independent.

Searches for v, (i.e. NC depletion at SK) are generally much
harder, not being pursued so actively.

Will show:

 Latest results from SBL v, » v, search [arXiv: 1410.8811]
» Work towards a SBL v, + v, search




Generic features of SBL T2\

disappearance searches
Analyses use “Tracker” subsystem of ND280: Fine-grained
scintillator target + TPCs for momentum and PID.

« Excellent discrimination at the track level.

Neutrino energy reconstructed assuming quasi-elastic
[ ] [ ] *.
kinematics*: m,E, — %m{,
E ~
=~

e
— —

(my — Ep 4 ppcosByp) e

Main difficulty is lack of an oscillation-free ‘Near’ detector
to provide expected event rates (= flux x cross-section)

« For T2K, flux is relatively well understood thanks to beam
monitoring and auxiliary measurements (NA61/Shine)

« Control of uncertainties from cross-sections achieved using

multiple samples. [* Approximate formula; see backups]
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arXiv: 1410.8811 5.9 x 10%° POT
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In contrast to e~, can be confident that observed muons are

from ' vertices.

However, in this case there is no independent sample
to constrain flux and cross sectlons —

— CCOpi Nominal spectrum

« Divide events according | = &tenmwincin, "

. o ccOpi Nominal wlMA::(-z)a .H_q:‘ i .‘ ‘
to hadronic activity o S | 1 b
= .Fﬁ—. . = sl

» Systematic uncertainties = MG normalised. w__,,.._ o
affect each sample E] | t0 6x1020 POT.| | ‘==
differently

« Can untangle OSC|IIat|on
effect, but requires
higher statistics than for . e ===
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Analysis status
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---------- ND280 sensitivity w/ MAQE -20 =i=e=eeeer ND280 sensitivity w/ MARes -20
— — - ND280 sensitivity w/ MAQE -3 — = = ND280 sensitivity w/ MARes -30
10¢ 10| .
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| excluded at 90% C.L.
| - e | for 6x10%° POT |
......... \\\1 - 1
1+ Preliminary _ it Preliminary e
- W VT R L | L] '
T i | 1 L | | l | | J | — | | [ — 1
0 0.2 04 0.6 0.8 1
Sir?(26) 0 0.2 0.4 0.6 0.8 1

sin®(20)

« Systematic uncertainties currently under study

« Hope to unblind later this year

» Sensitivity down to sin? 20 ~ 0.2

[M, describes iso-axial
charge (~pion field)
distribution of nucleon]
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| Lorentz violation Hamiltonian ..

1 [(Am? Sh,, Oh ;
H=Fk + ab + ( ab ab)
2E< Amczlb> Ohgp  Ohgp

-

[9n= ]

;51 ;;;;;

Standard neutrino
oscillations

Where Am?® = UEMNSdiag(mi — mq)Upmns

« Diagonal blocks induce mixing between (anti-)neutrinos:

1
Ohg,, = E [aips - CLSSPSPS]ab
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Effect of the Lorentz violating term can be evaluated with
perturbation theory. Using S, = e Hant:
P(vg =) ~ IS5 + 58 +58 +-|°
~ SO + 2% [(59)'SD] + 2%e [(55) SO + S + -+
0t order — reqular PMNS oscillations
« 71t order = LV-enhanced PMNS oscillations
« 2nd order = LV-PMNS + pure LV mixing

15t order terms modify existing oscillations — search at SK
But pure LV term does not require PMNS evolution
~. Can search for effects at Near Detector — INGRID
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Co-ordinates for LV e
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LV terms are 4-vectors (or tensors):

+ Propagation influenced by T R e
alignment of beam to e
LV preferred direction(s) ™

« Therefore sidereal rotation
of earth will produce oscillations in
time with base period Tg = 23"56™4. 15

« Co-ordinate system: z axis parallel to earth rotation — x, y
components of neutrino beam direction vary in this period.
Thus, for a single neutrino beamline:

— Coefficients in z, t only give rise to non-varying mixing terms
— Single x, y coeff. (e.g. a;, ci*) produce period Tg terms
— Double x, y tensor coefficients produce period Tg/2 terms

4
~ g
~, P
~ P
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—— o

At t = 0: vernal
equinox 2000




Empirical LV T2k

(short propagation)

Thus quite generically the SME coefficients introduce a sidereal
oscillation to the survival probability:

. 2
Cap + Agp Sinwgt + A,y cOS wgt

PBL(y, - v)) =
(Vo = vp) + By sin 2wgt + By, €OS 2wt
These coefficients are experiment-specific

« SME coefficients are contracted with p. = E(1,—n) so in
general have both constant and linear E dependence:

Ean o &0 .
ALDe- €L D:Ds-
t _
a;, ai = C E[c(t, ci? cf?]— C
X oY ! - t Z
ap, a; > A, A E[ci*, ¢, c¢f*, ¢,/ = A, A’
- X
E[c;*, ¢;”, ¢;’1— B, B
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Must be sure to remove v, events in this analysis:
« LV signal is expected to be small
* No prediction of what tlavour the v, become

Events selected with a likelihood ratio:

« Track length 022

e Track width 20012

» Activity (# hits) near vertex £
 RMS of hit charge %Z:: R e

[1; Pi(x;lp) +11; Pi(xile) Booer

Z0.04F

0.02—
Average energy of selected ™ k.

0 IO.‘I 02 03 04 05 06 07 08 09 l1

eventS: (E) — 2. 7 Gev . 1 confidence level




Event rates and T2\
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Local Sidereal Phase (LSP)  “*

LV effect is periodic over T, It is expected that many

so present data with respectto  features are not uniform as a
the sidereal day. Specifically, function of LSP:

LSP is the fractional part of . LSP advances slowlyv w.rt
(¢~ t0)/To y WL

local time over a year
* Interventions typically

gﬁ;ou ' Tg ] Preltmm_ary happen during working hours
f’j&m} H+ I | = The experiment does not run
2 '“H-}Jr ++Jr _}_PL_[_” | uniformly throughout the
T | year (electricity costs)
1°-9;_""i"""'l""" _}_ "l"
e 1 ++ ++ < e.g. Beam intensity (protons
10'7575;1“'62“'53"'64"'as'“‘os'"af"ag“ag"f‘m‘} per bunch) vs LSP

LSP




T2\

Systematic effects e o
The effects of various Source Effect size
. . (% on bin)
systematics are estimated. ,

. q f ¢ Pile-up 0.01
FI.I’St—OI’ er efrects (e.g. tor Photo-sensor variation 0.06
pile-up) are corrected for Beam position 0.03
Residual errors are estimated | ong term variation 0.05
to be smaller than statistical  total systematic 0.08
variation. Statistical 0.3

<10 i x107%
§1s.5 — Day §1s.si § ST SN SN SN OO A bt
Prelzmmary —night __| 3" FPrelimindry | —wam_
s Salk ;] 4+ & E
;4.5 Wﬁ,,_wtm ;::%H ém.s: ¢+4=+¢4¢¢¢¢¢W
E 14 S 14

1] Before e After..

2se - corrections 125~ correctlons

e e Y v T e v R i TR B P * S R Y R SR Y R TR e

LSP
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Parameters can be extracted using FFT
Cap + Agp Sinwgt + A}, cos wgt
+ By sin 2wgt + By, oS 2wgt

. Fourier modes at [1,2,3,4] X wg

PSBL(v, = v,) =

Corresponding parameter values:
ai,a; <4.8x 10720 GeV

cr”, cfy < 0.9x10720
ci*,c;” <3.1x10720
ci*,c;” < 3.8x 10720

¢;” < 1.6 x 10720

Magnitude of the Fourier mode amplitude
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Summary -
» SBL v, v, searches: eliminate % "¢ N = :
) L [ 95%CL == 2
some regions favoured by 2 ‘%—— gl
anomalous results g _
LE , _E
* Future: More data & v, analysis : S
e oY aheTheP et eTmee )V e e e YEic T 107 £ — Gallium allowed \ Ezzlé:ﬁmg:g E
89_ : TRE | E — Reactors allowed S:m v excluded
"R Y
é 1;- sin” 20,
§ < LV searches:
f§'°";— Competitive limits set
Sl o N for neutrino sector
Prelzmznary °°
100 - .5

Others: Heavy Neutral Leptons Dark matter
Exotics WG—always interested in new ideas




