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Why Neutrinos?

» Neutrino mass is a big piece of evidence of beyond-the-
Standard-Model physics

o There are still many open questions about neutrino mass

® Where does it come from2 How does it relate to the

Standard Model?

» What does it mean for the early universe? Is it part of
the matter-antimatter asymmetry puzzle?

© We need a full understanding of neutrino behavior to
address these questions
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Neutrinos

o Lightest particle in the
standard model: <2.2 eV/c?

(3.9x1033 g)

» Interact only via the weak
force and gravity; interaction
rates are very, very small

» Each neutrino has a charged

SRS, e partner which determines its

First detection by Reines “Aavor”
and Cowen in 1956:
Vetp—=nte’
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Sources of Neutrinos
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Neutrino Mixing

Neutrinos have two

sets of eigenstates: V, Uy U, Uys\ /vq

mass (propagation) (VH) =| V1 Upz Ups (VZ)
and flavor (detection) 'T V3

U 71 UTZ UT3
—— (0, (ml):E 0 \/76 \/1_/3 \/T/_Z \/2_/3 1

(m, ¥

lllll

,1 . PMNS mixing matrix tells
- us how mass and flavor

o eigenstates are related
E (ml)2 (mf*

Normal Hierarchy Inverted Hierarchy
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Detection also depends on the mass splittings: sin’ (

0,3=45.8+3.2°
012=33.4+0.85°
0:3=8.88+0.39°
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Neutrino Oscillation

0

C23
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Am?31=7.53+0.18x10" eV?
| Am?32| = 2.44+0.06x1073 eV?

Ocp= [-TT-0.1411] and [0.8711-17]
(90% interval)
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Long-Baseline Neutrino Oscillation
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T2K Measurements
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Why Antineu

Prog. Theor. Exp. Phys. (2015) 043CO1
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Vv, Disappearance

© Physics is interesting: investigate if neutrinos and
antineutrinos behave differently:

® CPT theorem implies that neutrino and antineutrino
disappearance probability should be the same

@ Nonstandard matter interactions as the neutrinos/
antineutrinos pass through the Earth could change
disappearance probability

® Practical: understand the antineutrino beam before
doing harder appearance measurement that depends
on disappearance measurement

Imperial College
mperial Colleg 1 T2K\



s T —
1 Il © == mm E_ K1 =5

I 2 K Construction

JFY2001~2008

f | . . . . -
= N it OA 0.0° |
o2
5| T 442 OA2.0° 1
XX
- \\[0’0‘0“ N . . |
= P T, SNO0A2S :
N N o 38 T
~ Neiemstis ihean, L I
E O 5 e K’ﬁ/ 'L,IT
& =
Nb94> : %\3 I
j-
M K 1 1 |
O :v'o: 9 %% ;n ;z §, u
0 1 > !
E, (GeV)

Imperial College
London

Super-Kamiokande

Mt.Noguchi-Goro Dake
2,924m

ea level
/ 41 000m

11 countries
60 institutions
~500 people

Design Intensity

3 750k N D2 8 O

Yeqr Detector

295km

Neutrino Beam

v I

<

12

INGRID ,I.gli(\



ND280

NA61/SHINE

Dam ND280
Flux Model Detector

INGRID/Beam
Monitor Data Model

T C"O.SS Fit near detector data, far

Section detector data, and model
Model ) constraints from external

and internal data
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J-PARC Facility
(KEK/JAEA)
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J-PARC neutrino beamline overview
s

y-gi?  BLAN
N\ Near Detector
| cma—

Muon monitor

Pions are focused by
3 electromagnetic Horns.
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Beam Operations

Total Accumulated POT for Physics
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Beam Operations

Total Accumulated POT for Physics
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V-mode is also known as “reverse horn current” (RHC) or “negative focusing” (NF)
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Beam Stability
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Beam Content
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» Note that “wrong sign”
backgrounds are much
higher in V mode
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Beam Uncertainties

1. Proton beam measurement

3. Horn and beam alignment

ND280 v-mode

ND280 v-mode
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Hadronic Uncertainties

o This analysis has seen significant
improvement in hadronic uncertainties

through new data

© NAG61/SHINE (at CERN) measures
the distributions of the pions and
kaons that are produced from 30
GeV protons on a graphite target

© T2K uses this information to tune the
beam simulation

®» The new data has both improved the
beam prediction and reduced the
uncertainty by ~4% in the beam peak

Imperial College 21
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V-N Cross Section Model
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Uncertainties come from underlying model
parameters and normalizations
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Why Multinucleon?

Charged current
quasi-elastic

"~
W
N

Charged current
multinucleon

v !
How does this =~ ~\_~
change energy W :
reconstruction?

P
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Martini et. al. Phys.Rev. D87 (2013) 013009

60— T —T
. | E, (GeV) -
|
> A — 02
3 F i — 0.6
-~ 40 \ 1.0 -
E |
2
a
‘= 30
Iy 20
-
<
10
0 . _ .~ A | g e 7 | X —
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

E_(GeV)

m2 — (my, — Ey)* —m2 +2(m,, — E,)E,
2(m,, — By — E, +p,cosb,)

23 12K\



External CCQE Fit
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o Use CCQE-like data from the MiniBooNE and MINERVA experiments
to select a cross section model and tune parameters
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e External data is somewhat in tension, so errors are inflated to account
for that tension
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T2K Off-Axis Near Detector

Fine Grained
Beam Side Muon Range Detector Detectors (FGDs)

UA1 Magnet
Primary Interaction Material: Carbon POD ECal  Electromagnetic
. . Calorimeter (ECal)
Secondary Interaction Materials:
Oxygen, Lead, Brass, Argon
Interaction in POD 1 detector

Interaction in FGD1

Time Projection
Chambers (TPCs)
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ND280 v-mode sam

ples
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Stacked histograms are MC prefit

» Three samples allow sensitivity to different beam energies and cross
section interaction modes

® High statistics in neutrino mode provide strong constraints

® CCOm and CC Other samples are underestimated by model; CC1m*

is overestimated
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ND280 V-mode Samples

Stacked histograms are MC prefit
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o Samples are still statistically small

compared to v-mode

» Important look into what ND280 will do

with V data
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ND280 Detector Model

Muon kinematics
« charge confusion

» TPC-FGD « momentum resolution and scale
matching efficiency « B field distortions

FGD1 TPC2 FGD2 TPC3
External big As far as possible, use data to
« outof FV
+ sand muons constrain systematics; e.g. use
* COSMIC

muons

cosmic samples to evaluate

* event pile-up

e interdetector matching
beam
oD TPCY: MC modeling: 0.9 <cos(8,) <0.94
« Tracking efficiency < Tracking efficiency « Pjon secondary interactions
* ME efficiency * Hit efficiency « FGD Mass uncertainty >, 025 na - ]
* PID P AIb £ © PRELIMINARY |— CCOn .
£ o2p — CCln* -
[ [ ] [ 0) : n :
Dominant systematics are pion E ot —ccomer |
secondary interactions, MC T f :
o . o @) 01__ -
statistics, and out of fiducial £ f :
9 - -
volume events = OOF j@ :
O: l oo | L oo | :
10° 10° 10*

Imperial College 30

London Muon momentum (MeV)



D (AU
<

NA61/SHINE
Data

ND280
Detector

Model
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Near Detector Analysis

Maximize a likelihood which is
the product of a Poisson term
comparing the predicted
spectrum to the data and a term

H incorporating the systematics
\V 2SS {(
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0.9
0.85

L = Lpoisson * [’Syst

cos(GM)
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Data is binned in muon o L

candidate momentum and 07 o
. 0.65

angle with respect to the 06 CCOm |['®

. . . 10
incoming neutrino beam 033
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Parameter Value

Near Detector Results

® Flux parameters are generally increased

® Some cross section parameters—especially the carbon
multinucleon parameter—are changed significantly

from prior values
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CCOtr Samples

Before analysis After analysis
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» Clear that data is in better agreement after the analysis

®
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of distribution is noticeably increased
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Super-Kamiokande
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~ Japan
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~ purification system
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® 50 kton (22.5 kton

fiducial volume) water
Cherenkov detector

@ ~11,000 20" PMT for

inner detector (ID) (40%

photo coverage)

8" PMT for outer

® ~2,000 outward facing

detector (OD): veto
cosmics, radioactivity,

exiting events
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SK Particle Identification

Choose rings which are
Imperial College ShCII'P and clear 36 Tzﬁa



Beam Timing at SK

- PRELIMINARY I Runt-s ostsaceon

o Fully contained sof i
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Predicted SK Spectra

0.8

0.6

0.4

Events per 0.050 GeV
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— Total

MC prediction assumes
neutrino-mode oscillation K

parameters: sin?023=0.527 VM MEC
and Am?32=2.51x103eV?

v, CC
v, CC
B NC

1.
2
3
4,
5

Imperial
London

I'CCO

Fully contained within the fiducial volume of SK

Have one and only one reconstructed ring

Have p-like PID
Have muon momentum >200 MeV/c

Have one or fewer decay electron

College

v, CCQE

v, CCnQE

(GeV

N~ L1

38

Predict the expected
spectrum at SK using
neutrino-mode oscillation
parameters

Dominated by Vv CCQE
events, but many other
contributions—this is why
cross section model is so
important

Predict 19.9 events with
oscillation and 58.9
without oscillation

T2k



SK Detector S

Atmospheric v

Systematic Uncertainties

® Ve uncertainty is largest—but

these events are rare

® Neutral current uncertainty
dominates at low energy

o Effects are small elsewhere

Imperial College
London

Fractional Uncertainty

39

1

> S >
~ @) oo

o
ko

ystematics

-

]Ru, 1I/ ]Rﬂ, v R/u v R N, Energ
" CCog, Riye e ,ﬁifﬁj’c C Rege  Seare
k= [T L B L BN B UL B ]
O B . 4. _
i e MC prediction i
08l 10 systematic uncertainty band
= TR - . ]
= B MC prediction assumes neutrino- i
D 0.6 mode oscillation parameters _
M - -
04 hﬁ ‘
021
B PRELIMINARY
D05 1 15 2 25 3 35 4 45

E. ..o (GEV)



Total Systematic Uncertainties

:g 1.2 :_ MC prediction without ND280
FI d i_. . E ----------- MC 1o error band without ND280
Uux dnd cross secrion & 1F MC prediction with ND280
uncertainties are 2 o3k B VC o error band with ND280
d . d b Qﬁ) r MC prediction assumes neutrino-
ominate )’ LE 0.6 mode oscillation parameters
uncertainties on the LY .. .
difference between B . U B
: . 02 R -~
interactions on C and O : PRELIMINARY
0 I
0O 05 1 15 2 25 3 35 4 45
Eeeo (GeV)
Systematic Without ND With ND measurement
Common to ND280/SK 9.2% 3.4%
Flux and Cross Section SK only 10%
All 13.0% 10.0%
Final State Interaction/Secondary Interaction 2.1%
SK Detector 3.8%
Total 14.4% 11.6%
Imperial College ~_g/iz\
London 40 I



NA61/SHINE

Dam ND280
Flux Model Detector

INGRID/Beam
Monitor Data Model

Cross
Section

Model

External Cross
Section Data

v

Oscillation

Fit SK Detector

Model

|

Oscillation

Parameters
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L = Lpoisson X ﬁSyst

Analysis Method

Maximize a likelihood which

is the product of a Poisson
term comparing the
predicted spectrum to the
data and a term

incorporating the systematics

Data is binned in

. sin“B,3|  0.527  |sin?B,; 0-1
reconstructed neutrino energy AmZs, | 2.51x103 V2| Amzs, | 0-0.02 eV?
: T 2 .29
Fix all oscillation parameters [SiN“013|  0.0248  |sin"8,5] 0.0248
. — _ . .
except sin20,3 and Am2s, sin<B,, 0.304 sin<B> 0.304 :
. . 2 -5 2 =2 -5
using T2K neutrino data and Am7y | 7.53x1077 eVe] Am®, | 7.53X1077 eV
PDG 2014 o) -1.55 rad o) -1.55 rad
Imperial College 42 J_g/iz\
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Best Fit Spectrum

© Data show clear
evidence of oscillation

@ Clear, visible
oscillation “dip” in the
data

sm226 =10
s1n226 =0.1
Am3, = 24>< 107 eV?

Imperial College
London

Events/GeV

Ratio to unosc

90

80

70

60

50

40

30

20

10

—— V fit posterior

—— No oscillations
—e— T2K data

45 s
Reconstructed Energy (GeV)
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Oscillation Parameters

Imperial College
London

— 90% Credible Interval
:‘I' L L
—  PRELIMINARY | ===~ 68% Credible Interval
;_ Best Fit
g:|..H|....|..H|....|..H|....|..H|....|..:
03 035 04 045 05 055 06 065 07
sin“0,,
‘Am§2 sin2(0_23)
2.337027 %1073 eV? | 0.51570:985
45

~—

Best fit is near
maximal
disappearance

TZ/E\



Analysis Comparison

o O o T 5 T2K performs three

0.0034 ° °

< ousz — P —1 different analyses with
st different methods of
0.0024F E L . .
oo maximizing likelihood
0.0018F- E

v by v bvv v v v b s bvv v by s v v by
03 035 04 045 05 055 06 065 07
.2—
sm@23

> - -
8 s —— Data —
n o E ——VALOR |-
o 6 -
5 - —— MaCh3 =
(oF 5 7
Analyses are in  } . v
)' a F PRELIMINARY 3
3 —
good agreement ks , :
1= =
- | =
OO 0|5HH1HH1|5HH£IIII2|.5HH£IIH35HH4|1HH4|.5HH5
EI'CCO(GeV)
Imperial College ,.,_Z/k\
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Impact of Systematic Uncertainty

g0
o . > - data fit (no syst.) 90% CL -
o Fitting without 2. data 1 90% CL E
. . . N_% 3.5 _ e Dbest fit point .
including systematic § | :
. = 3k -
uncertainties - -
produces nearly 2.5 E
identical contours of -
o This analysis is L5 E
. . d . d - PRELIMINARY .
Coo0o | R A TR T T N NN NN SN SN SN (N TR T T NN N N B
statistics dominate 02703 04 05 06 07 08
sin*(,,)

Imperial College
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Comparison to Neutrino Results

— ¥ fit: 90% - v fit: 68% o Antineutrino
N% gzggijé'égéﬁ;h@;'” e Best fr e fit 687 analysis has much
= 00032 VRE90%  + vt Best fi larger contours
_ _ than neutrino
analysis

» Two analyses are
consistent with no

03 035 04 045 05 055 06 065 07 difference between
2 2N o
SIn"0,; / 1“0, neutrinos and
antineutrinos

Imperial College
oo Colleg 48 T2K\



Comparison to MINOS

— MINOS 90% ¢ MINOS best fit

~ 00036p——T — TIK 90% -~ T2K 68%
o 12K contours are >
> 0.0034 s+ T2K best fit

smaller in sin2023, 00032

;_ PRELIMINARY o

I 0.003F =

though MINOS < o0 :

saw a non-maximal  o0.0026F =

: 0024F =

best fit point ol ;

0.0022:— =

0.002 —

® Results are oot | T———
completely 05 04 05 06 07

compatible SIn"0s3

MINOS data is beam and cosmic combined
P. Adamson et al., Phys. Rev. Lett. 110 (2013) 25, 251801

Imperial College
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Future Work

® Anti-neutrino running is ongoing—
expected POT at the end of May
is 4.5x10%°, nearly twice as large
as this dataset

© Anti-neutrino analysis of Ve
appearance is underway

Imperial College ,_,.Zlk\
Loﬁdon 50 I



Other T2K results

x10™% x10°

~ 50 T i T i T i T ~
g i ~e- T2K INGRID T =
) x” | :
— n o8
g 40— -~ T2K INGRID flux ave. ? —1500 go
E - . N —
Q — ~
- >
5 sor et 1 3
5 f b 1000 2
201~ §o 1 o5
- MINOS . g

- e NEUT Jso0 2
10 T GENIE - <
NEUT flux average - é’

- -=== GENIE flux average ] >1

Y 1 2 3 4 5 6 7
E, (GeV)

Cross section measurements at INGRID
Phys. Rev. Lett. 113, 241803 (2014)
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Ve Cross section measurements at ND280

Imperial College
London

= 0.5 Data using RS model T rTT T4
v 0.45 RS (nominal) flux avg =
9 RS (nominal) cross section -
E 0.4 ¥ Data using AR model _:
@) *'| — — AR {nominal) flux avg =
::T 0.35 - AR {nominal} cross section _;
g 03F E
=) = =
“ . —
:{2 0.25 - -
© 0155 =
0.1 E

0.05 f— —— j F ___________ —f

U E | | .JXI | | | | | | | | | | | | | | | 1 1 1 | 1 1 1 1 E

0 0.5 1 1.5 2 2.5 3

neutrino energy / GeV
Charged current coherent cross sections at ND280

Phys. Rev D 91 051102 (2015)
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T2K Papers in 2014-2015

PMNS
Oscillation

PMNS
Oscillation

PMNS
Oscillation

PMNS
Oscillation

Cross Section

Cross Section

Cross Section

Cross Section

Cross Section

Cross Section

Cross Section

Neutrino Mass

Sterile
Oscillation

Measurements of neutrino oscillation in appearance and disappearance channels by
the T2K experiment with 6.6E20 protons on target

Neutrino Oscillation Physics Potential of the T2K Experiment

Precise Measurement of the Neutrino Mixing Parameter 023 from Muon Neutrino
Disappearance in an Off-axis Beam

Observation of Electron Neutrino Appearance in a Muon Neutrino Beam

Measurement of the Electron Neutrino Charged-current Interaction Rate on Water
with the T2K ND280 pi-zero Detector

Measurement of the v, charged current quasi-elastic cross-section on carbon with the
T2K on-axis neutrino beam

Measurement of the v, CCQE cross section on carbon with the ND280 detector at
T2K

Measurement of the Inclusive Electron Neutrino Charged Current Cross Section on
Carbon with the T2K Near Detector

Measurement of the inclusive numu charged current cross section on iron and
hydrocarbon in the T2K on-axis neutrino beam

Measurement of the intrinsic electron neutrino component in the T2K neutrino beam
with the ND280 detector

Measurement of the neutrino-oxygen neutral-current interaction cross section by
observing nuclear deexcitation y rays

Upper bound on neutrino mass based on T2K neutrino timing measurements

Search for short baseline ve disappearance with the T2K near detector

Phys. Rev. D 91,
072010 (2015)

Prog. Theor. Exp. Phys.
043CO01 (2015)

Phys. Rev. Lett. 112,
181801 (2014)

Phys.Rev.Lett.
112,061802 (2014)

Accepted in PRD
submitted to PRD

submitted to PRD

Phys. Rev. Lett. 113,
241803 (2014)

Phys. Rev. D, 90,
052010 (2014)

Phys. Rev. D 89,
092003 (2014)

Phys. Rev. D 90,
072012 (2014)

submitted to PRD

Phys. Rev. D 91 051102
(2015)


http://www.t2k.org/docs/pub/016
http://www.t2k.org/docs/pub/022

Conclusions

o T2K has performed its first analysis with anti-
neutrino data

© In a study of muon anti-neutrino disappearance,
T2K observes 17 events in the far detector and
has set a world-leading limit on the 823 parameter
—but we are limited by statistics!

© T2K continues to take data and more anti-neutrino
results are coming soon!

® Thank you to the J-PARC facility for providing us
with such excellent beam for this physics!

Imperial College
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Cross Section Model

® Charged Current Quasi-Elastic (CCQE)
® Llewellyn-Smith base model
® Smith-Moniz fermi gas model for nucleus
® Random Phase Approximation
® Multinucleon scattering (2p-2h)
© Single Pion Production (CC/NC1m)
® Rein-Seghal resonance model
® Retuned using new form factors and reanalyzed data
® Remove pionless delta decay (more complete model in 2p-2h)
® Deep Inelastic Scattering (DIS) and Charged Current multi-tr
» GRV98 PDF
® Bodek-Yang correction
© Final State Interactions (FSI)
® Cascade model—track secondary particles until they exit the nucleus

© Separate models used for low (<500 MeV) and high momentum

Imperial College
mperial Colleg 55 12K\



SK 1R, Selection

1. Fully contained within the

fiducial volume of SK (52 events) - PRELIMINARY +1§2U31f55x'1602‘3§(tj})
- mm v, CC QE
60 - I v, CCQE
2. Have one and only one v [ v,+¥, CC non-QE
. o= vy, CC
reconstructed ring (28 events) 0 = Ne
3 (MC w/ sin*20,,=0.1)
S 40_
. o
3. Have p-like PID (19 events) 5 |
|
=)
4. Have muon momentum >200 Z 20|
eI eventd e
0
5. Have one or fewer decay FCFV lring plike P, Decay-e
electron (]7 events) MC prediction uses neutrino-mode

oscillation parameters: sin?623=0.527
and Am?32=2.51x103eV?

Imperial College
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Event Distribution

PRELIMINARY
2000 PRELIMINARY 2000
1000 |- 1000
5§ . .. 11 5 |
N - : 1 = b
5! O __ o ° ¢ O |
3 . 38
s | ‘ ) I
> B o ! > B
1000 - : . | -1000 -
_2000 L L L L | ' ' ' ' | ' ' ' L _2000 I R SR S R TR N SN AT TN SO SN NN A N
0 1000 2000 3000 -2000 -1000 0) 1000 2000
3
Vertex R? (cm?) x 10 Vertex X (cm)

® Run 5 in fiducial volume
® Run 6 in fiducial volume

Imperial College % Run 6 out of fiducial volume !ia
London o/ 12



Normal vs Inverted

— 00045 ———F——F—F————— 17—
PRELIMINARY —+ NH
-+ IH
—— MINOS

< IIII|IIII|IIII|IIII|IIII|IIII|III
,_|IIII|IIII|IIII|IIII|IIII|IIII|III

sin*(8,;)

No significant difference between
hierarchies in this analysis

Imperial College
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AT, (eV?)
Wl
)

o

2.5

1.5

London

Data vs Sensitivity

(W
1
1

| I | | | | I | | | |
sensitivity 90% CL

data fit 90% CL
e best fit point

-’

T2K sees fewer
events than

predicted,
which produces
tighter contours
PRELIMINARY
oo e e e ey ey by
02 03 04 05 06 07 08
sin*(0,,,)
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High Mass Reqlon

-------- 68% credible interval

o 0.02

_ 1“'; 1__:: 90% credible interval
€ 0018 Sl

|l‘

| IH |
1

%
IIlFII Illq"IIIIJ

Bt

ili HI IIII ! i 1  JNIAA i | II

B Gostiit PRELIMINARY

[ IIIII

Pt
'|."|,"|H'“.J:.f"“|' I

fil

<1 0.016
0.014

0.012 —_g;':::: ?: = — - 103
0.01- i G4
0.008F  iEEED - 102

0.006
0.004
0.002

OO

© Less than 0.6% of probability is in the region
Am?>6x107 eV?
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Analysis Comparison

Systematic ND280
T2K Name Method Uncertainies | Constraint Contour Type
: : Bayesian
MaCh3 Markov Chain Marginalized Slmultc.meous Credible
Mone Carlo Fit
Interval
L Matrix
Valor MINUIT Minimized : Constant A
Propagation
MINUIT with Matri
p-0 internal syst. | Marginalized o Constant A
e Propagation
marginalization

Imperial College
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Fine Binned Best Fit

(O8]

Greyscale shows %
results of toys thrown o7
from postfitting z
distributions; blue 27
square is mode of E !
this distribution in 0.5

each bin

Imperial College
London
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—  PRELIMINARY
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u Bestflt MC Predlctlon g
e Data

I 15 2 25 3 35
Reconstructed Energy (GeV)

T2k



Number of toy experiments

Imperial College
London

ND280 GOF

—— Toy experiments

30 S
E PRELIMINARY Data
25— .
20 - p-value = 0.05025 -
15 —
10— —
S5 —
: | | n | | | | | | | | | | | | | | | | | | Inm n. | :
200 500 800 900 1000
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Flux/Cross Section Correlations

[

— (an) — (rrrrp T T L L e (o
(D] 60 | o o 60_ o ] o O
2 108 S = - . 8 =
= : s E . =
= 50 106 B 2 S0 os B
S Tha S 5 W - 1404 S
% . II.- 102 g - 102
— i — - i i
1 —=-02 F s 4 =-0.2
B g i
10 | 'i _: 0.6 10 I_: 0.6
108 ' | 1038
0 ‘ I ' | ] _1 O | |l ‘ ‘ ‘ |_ _1
0 10 20 30 50 60 0 10 40 50 60
PRELIMINARY Parameter number PRELIMINARY Parameter number

Parameters Parameter number(s)

SK, Positive Focusing, CC 2p-2h 160 o2
SK, Positive Focusing, Ep 160 (MeV) 53
SK, Positive Focusing, —~ C£(0) 54
SK, Positive Focusing, & — MEES (GeV/c?) 55
SK, Negative Focusing, - Isospin=3 Background 56
SK, Negative Focusing, v - Ve/Vp 57
SK, Negative Focusing, - CC Other Shape 58
SK, Negative Focusing, - CC Coherent 160 59

MR (GeVic?) NC Coherent 60

pr 160 (MeV/c) NC Other 61
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ND280 Fit Comparison
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