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| K¢ Outline

 K2K experiment:
* neutrino beam;
* near detectors;
* MC of neutrino interaction;

* NC single ° measurement (PRL B619, 255 (2005) ):

» Selection criteria of NC exclusive n° events and data/MC comparison;
* Relative cross section measurement;

e CC inclusive ° measurement (PRD in preparation):
* Inclusive signal definition;
e Experimental signature;
* Description of the normalization sample;
* Description of the selection of photons in SB+EC;
e 1° reconstruction;
e Likelihood fit description and result;
e Systematic error evaluation;
e Cross-section measurement;
e Comparison with others experiment.
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Vi K2Kneutrino beam
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1000t cylindrical water tank
a smaller version of Super-Kamiokande (-1/50 volume)
680 20inch PMTs with 70cm spacing (same as SK)
the same detection mechanism, analysis algorithms

and interaction MC as SK
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| K¢ SciBar and EC

Scintillating Fiber:
/ and Lead Plates

e Extruded scintillator bars
with WLS fiber readout;

* Neutrino target is the
scintillator itself;

*Volume: 3x3x 1.7 m? abaiakanta,
(~16 tons); oy aly Al

L
4 cm

*2.5x1.3x300cm3cell; e Spaghetti calorimeter:
*~15.000 channels; 1mm scintillating fibers in

* Light yield ~ 10p.e./MeV,
* Detect tracks down to

|grooves of lead foils 1mm
| thick;

8cm; * 4x4 cm? cell readout
* Distinguish protons from ¥ “from both ends;
pions by using dE/dx; * 2 planes (11X,):

* Wrong ID < 5% (<1GeV/c e Hor: 30 modules;
proton); ¥ L e Ver: 32 modules;
* High efficiency for CCQE .‘-. --:; ;’ SRR * Energy

2-track; - resolution=13%/E
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CC quasi elastic (CCQE: ~40% of al o/E (1038cm2/GeV)
CC} _II||IIII|I II|II I|IIII|'II||III.|I II|IIIII|III_

- Smith and Moniz with M,=1.1GeV
CC single = (resonance production) -
(~38% of all CC) T

— Rein & Sehgal's with M,=1.1GeV g [
DIS (~18% of all CC) :

— GRV94 + JETSET with Bodek and *° |

12 | Total (NC+CC) -

CC quasi-elastic

Yang correction at low g?. 04 [ —
CC coherent &t (2~3% in all CC) """" --..__‘}Eqﬂiﬂﬂlﬂn .
— Rein & Sehgal model basedon | %2 /7 . o R
PCAC. o b T e
NC 0.5 1 15 2 25 3 35 4 45 5
+ Nuclear Effects CC Coherent pion production neglected E, (GeV)

according to the SciBar measurement
C.Mariani@Nulnto? (Hasegawa et al. PRL 95:252301, 2005) ;



NC 1 m°® measurement
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| K¢ NC 170 definition

only one nP and no other mesons get out of

. a 150 nucleus via NC interactions.
A. (after nuclear re-scatterings)

BG interactions

cC . 4 NCorCC . v

" invisible L v, invisible n

e

n? w/ invisible pn n? w/ invisible m,u n° produced outside nuclei
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|/  Selection criteria and data/MC comparison

700 F |
¥ Mass peak (MeV/c2)
600 y | - — | data:1474+05
- D MC :1441+0.3
@ 500F
s | 7't
n0 events - 400¢ b
Y o=
® single-event spill ié s ot
® Fully-Contained 2 200 too +
® number of rings = 2 : - O
® both e-ike PID 10}
® Myy: 85~ 215 MeVi/c2 of

0 50 100 150 200 250 300
M_ (MeV/c?)

Invariant mass of two e-like ring events for the
experimental data (black dots) and the neutrino
MC simulation (box histogram).

Error bars are statistical only. Main background
are n°’s from non-NC1r° events (hatched), with
small contamination from interaction w/o n°
(black).
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NC 1% cross section measurement

ot
~N

z
:E 1200
E 00 —|— data (inner: stat, outer: stat+sys)
:& T 1 MC true
§ 800 . (inner: MC stat,
= 3 outer: MC stat + sys error on shape
#*  eng from our MC model
uncertainties)
400 o(NC1n9) / o(v,CC) = 0.064 from NEUT
200 1 38 a2 /
= . « [|o(v,CC)~1x 10~ cm*/nucleon  from NEUT
0 (K2K beam spectrum averaged)
0 200 400 600 800 <Ev> ~ 13 GaV
=" momentum (MeVic) v ] ©

normalized by the number of all events in 25t fiducial

o(NC11%) / o(v,CC) =

at the KZK beam energy, <Ev>-1.3 GeV
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CC inclusive m° measurement
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| K¢ Inclusive signal definition

Target nucleus anything

else (if any)

1]
We define signal an event with:

= 1 or more n°’s from the neutrino interaction vertex;
= 1 or more 1°’s from a re-interaction inside the target nucleus;

= 1 or more n (decaying either in 7°’s or photon pairs).
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| K¢ Signal ratios in CC

5.4% single pion production:
4% single n°‘s produced via resonances decay (mainly A);
1.4% =°‘s produced by nuclear reinteractions in the target
nucleus following a resonance production;

6.2% multi pion production (DIS with 1.3GeV <W < 2.0 GeV, nnt > 2):
5.6% =n°‘s produced in multi pion interactions;
0.6% n°‘s produced by nuclear reinteractions in the target
nucleus following a multi-pion neutrino interaction;

L

1.5% from n decay:
-t + 1+ 1° (22.6% of total n b.r.);
. 31° (32.5% of total n b.r.);
. 2 gamma (39.4% of total n b.r.);

| — MC ALL

| ---- single pion

|~ multi pion

[ — DIS+Other /

=
=

0.4% from DIS;

Cross-section(arbitrary uni
o o
%) [
|I:I TR R | |L| I L1 A 1

o
=

o
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| K¢ Normalization sample

The total number of selected CC interaction are 11606 (20.2x1018
POT ), the simulated neutrino interactions are 1500000.

CC selection cut (eff.49.5%, pur.97.5%)

K2 Fru-Gruinied Dubwulan [3hlw HITI'W:- | I |

Hun G Egill B3T42 THIZID *
il 43PN BAA3 1613 1350 20 4

At least one track reconstructed in SciBar; . e ‘ 2L, J
Track should be in FV: 10.9 m3; : T

Track should be matched with MRD ; \

{MRD
(Iron plates
| and drift

CCQE samples SciBar| | tbes)

1T-QE: a single reconstructed track;

2T-QE: 2 reconstructed tracks with AB,< 20°;

2T-nQE-=: 2 reconstructed tracks with AB,> 20°, pion like;
2T-nge-p: 2 reconstructed tracks with A0 > 20°, proton like.
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Muon ID: one track matched to a MRD track corresponding to

the muon produced in the CC interaction;

Experimental signature and gamma selection

CC n° features:

A muon track to define the neutrino interaction vertex, plus
two photon conversions (tracks disconnected from the
neutrino interaction vertex and pointing to it in SB, or/and a
narrow cluster in the EC;

Possibly other tracks and/or EC clusters.

NS

K2K Fine-Grained Detector (Top View)

AR SRR, i e L e e s

CC n° selection:
Photon tracks should be reconstructed in FV: 13.3 m3;
Not matched with a MRD 3D reconstructed track;
In time within 10 ns with the muon track;

Pointing within 25 cm and disconnected >20 cm (in both
views) to the interaction vertex;

EC Eyert. cluster > 50 MeV
EC Enor. cluster > 25 MeV

C.Mariani@Nulnt07
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| K¢
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Disconnection from neutrino interaction vertex
of candidate photon tracks

0 50 100 150 200
cm
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|/ Events with at least 2 photon candidates

Sample Sample number Data MC norm
2vin SB 1 353 279.6
1yinSB+1yinEC |2 96 77.8
2vin EC 3 30 22.6

The events with at least two photons reconstructed in data(MC) are 479(380).
The excess is of 26 £ 4% between data and MC considering all the reconstructed

sample.

---------------
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-
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’

m
@
+
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0.8 |

Sample

So the excess is consistently seen in both SciBar and EC which have different

efficiencies and systematics.
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| %4 n° combinatorial

Photon candidates per event should be = 2;

In 21% of the events selected we have >2 candidates, in this case we
reconstruct the n° mass as follows:

= |f all photons reconstructed in SB: n°vertex closest to u vertex (15%);
= |f 1 or more photons are reconstructed in the EC: best mass (6%).

C.Mariani@Nulnt07 track 19



| K¢
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479 n°’s are reconstructed in data and 380 in MC.
The overall efficiency is 7.6 % and the purity is 59%.

True n° signal (59%)
Composition: Source:
* Prompt n°: 82%; * Single pion from resonances: 45%;
 t° from reinteractions: 11%: * Multi pion from resonances: 49%;
* n decay: 7%; * DIS: 6%;

The Background (41%) is made of:

* Reinteractions outside target nucleaus: 54%;
* NC interactions: 13%;
e Others: 33%;
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| %4 Neutrino energy reconstruction

The neutrino energy in CC can be reconstructed from the muon energy and angle using the
formula:

1 W?-m2)+2E,(M,-V)-(M,-V)?
2 -E,+(M,-V)+p,cos(d,)

rec _
E,= =

Where V= nuclear potential = 27 MeV and p , and 6, are the muon momentum and angle.

W2 true for single pion final state

Our selected sample is mostly non-QE . = Mean = 1483 MeV |
(98%), for the sub-sample of the single i

pion final state there is a broad 250 |-
spectrum of W2 corresponding to the

18 different resonances taken into 200
account in our reference MC

simulation. 150
We use the average value of [
W=1.483GeV to reconstruct the "”
neutrino energy, the resolution in the _
neutrino energy reconstruction is
600MeV. |

.:"’] 1 1 1 1 1 1 I 1 1
1000 1250 50 00 2250 2500 2750
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Reconstructed neutrino energy before fi
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We perform a maximum likelihood fit of

L = LCC7Z'O ( fnorm 1 RnQE / QE =S,r0) X I—norm (fnorm , RnQE /QE) X Lsyst

where Poiss(n, n) is the poissonian for n events with expectation value p;

Lo = H Poiss (data, , pred , )
k

We fit the 1-dimensional reconstructed neutrino energy distribution H:
. Hkis the number of events in the bin k of 1-dimensional histogram;
. k=1,30 labels 30 bins between 0-5 GeV in the reconstructed neutrino energy;
. data, = number of events observed in bin k;

. pred, = number of events expected in bin k = f,, x ngn N Z H ing}

—
(o)

cCr®
MC
Occr®

Loorm = H Poiss(ng, pred,), s={1TQE, 2TQE, 2TnQE.p, 2TnQE.7}
S

n, and pred, are respectively the number of events observed in data and
expected by MC for the different normalization sub-samples.

Lyt iS @ term used in the systematic errors evaluation.
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O- o

CCz” _ 0.306 + 0.023(stat.) 3923 (syst.)
O ccoe

MC

(o2 o
—SE2_ — 0.220 +0.001(stat ) + 0.043(Ro /e * 20%)

O ccQE

The inclusive n° production shows an
excess of (39%15)% (statistical and
systematic error added in quadrature).
MC prediction is strongly dependent from
the ratio R, q¢.

0.35 | ]
0.325 |- | i
03 | - | i
0275 | | y
025 | .

0.225 -
- K2K MC 0.220+0.043

0.2

0175 .

0.15
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Goc T° cross-section

0.24 |
0.23 —
0.22 —
0.21 | —
0.2 | _ —
0.19 — —
0.18 i —

0.17 | .

0.16 [ K2K MC 0.1630.001 ]

0.15 L

A result with the MC prediction
almost independent from the ratio
Rnqe is the inclusive n° production

normalized to the non quasi elastic
charged current cross section

o) 0
_CCx’ _ 0,195+ 0.014(stat.) %! (syst.)

O ccnQe
MC

(o) )
—CEZ_ = 0,163+ 0.001(stat.) + 0.001( R0 /o + 20%)

MC
O ccnQE
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The resulting double ratio nQE/QE is:

DATA

R
Rnoe = Fﬁi =1.21+0.13

nQE /QE

Fixing the CC single pion contribution to the value measured by K2K-SciBar
(see L.Whitehead’s presentation) we can read our n° cross-section
measurement in terms of the CC multi pion cross section:

Ocemiti-z _ ) 465+ 0.029(stat.) + 0.056(syst.)
OccQE
MC

"CC“T—g“—ﬂ = 0.358+ 0.001(stat.)

OccoE
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| K¢

Reconstructed neutrino energy after fi

Reconstructed ° mass after fi
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1/

n° momentum after fit
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| K¢ Comparison with other experiment

LLl e K2K DATA '
O B K2K MC inclusive
() 1.4 |- O ANLRadencky etal. (single pion)
Q O ANL Barish et al. (single pion)
o A BNL Kitagaki et al. (single pion)
o~ 1.2 ¢ ANL Day et al. + BNL Kitagaki et al
53 - —— K2K MC single pion
(&) - eee K2K MC multi pion
O 1 - K2K MC DIS+other
b —
0.8 .
0.6 B
0.4 g
0.2 .
0
1 2 3
E(GeV)
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| %4 Summary

K2K-1kT measured NC single =° production in water (O'¢) with high
statistic in good agreement with NEUT (including nuclear effects):

o) 0
_NC1z_ _ 0,064 + 0.001(stat.) +£ 0.006(syst.)
Occ

K2K-SciBar/EC measures CC inclusive n° production in CgHg (C'?) to be

larger than NEUT expectations:

o) o
CCr® _ 0.306 + 0.023(stat.) 3323 (syst )
O ccoE

The larger n° yield in CC, together with the agreement of the single-pion
in the CC1r analysis, translates in an excess of (30+18)% of the NEUT

multi-pion cross-section:

Ocemiti-z _ ) 465+ 0.029(stat.) + 0.056(syst.)
OccQE

(NEUT: 0.358)

The ©° production in CC is larger but consistent with previous results
(exclusive 17° and ©*n° on Deuterium) with improved precision.



Backup
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Sample QE nQE | NC | TOT MC | QE Efficiency % | QE Purity % | Data
1T-QE 158390 | 79018 | 6268 | 243676 71.8 65 6125
2T-QE 39075 | 12579 | 275 51415 19.7 76 1262
2T-nQE-7 | 4347 | 33497 | 1677 39521 2.3 11 1048

Table 2: CCQE samples, number of events selected in data, efficiency and purity for each sub-
samples
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| %4 n° combinatorial

Photon candidates per event should be = 2;

In 21% of the events selected we have >2 candidates, in this case we
reconstruct the n° mass as follows:

= |f all photons reconstructed in SB: n°vertex closest to u vertex (15%);
= |f 1 or more photons are reconstructed in the EC: best mass (6%).

T T : T y T — 1 T T g u T T E T T T T T r
140 '_ ¢ [Data 7] = ® Dot 1
I T | gna 100 - BRE MO signal from single plon |
120 r I C Background] L B MC sianal from multi oien 1
r ] : B8 MC signal from ather :
100 I . -
- : |: T
80 | : -
60

MeV
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The energy resolution for photons is:

* 50 MeV for the higher energy photon;
* 60 MeV for the lower energy photon.

The 3D angle reconstruction resolution is:

* 0.15 rad for the higher energy photon;
* 0.18 rad for the lower energy photon.
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] J
We allow individual reweighting factors W, for the individual contribution in our
MC. W, =1 — standard reference MC.

Sgn
pred, = fom x{ . S(W) =S . x Zk: Z Hl,kggn
«<—— Signal —— <« Bkg — ZKZZWH' k
g - cc
pred s = Foor {ZW. H s} T ol

I = interaction type;

f,orm 1S the absolute normalization factor between data and MC and is a free likelihood
parameter.
RDATA
. . . nQE / QE
The double ratio nQE/QE is defined as: |Rnoe = —c——
RnQE /QE
D W -1?
The L, termis: Fgq =-! = —2log(Lgy )

o,
C.Mariani@Nulnt07 W2 37



] J Cross-section measurement

For the inclusive 7° production normalized to the quasi elastic charged current cross
section, our measurement shows an excess of the inclusive n° production of (40%x13)%
(statistical and systematic error added in quadrature). The MC prediction is strongly
dependent from the ratio R, q¢.
MC
O o
CEZ_ = 0.220 + 0.001(stat.) + 0.043(Ryoe /o + 20%)

MC
O ccQE

Scex® _ 306+ 0.023(stat.) + 0.025(syst .)
O ccoE
For the inclusive 7° production normalized to the non quasi elastic charged current
cross section, our measurement shows an excess of (20x11)%. The MC prediction is
almost independent from R, o Which is the main source of the systematic error.
MC

o3 )
=27 = 0.163+0.001(stat.) + 0.001(R o /o * 20%)

O cenQE

(o) o
CCz° _ 0,195+ 0.014(stat.) 2% (syst.)
O ccnQE

The excess taking into account the measurement of CC pi+ cross section presented by
Lisa could be interpreted as an excess of the CC multi pion cross section:

Feemiti-z _ 465+ 0.029(stat.) + 0.056(syst.)
C.Mariani@Nulnt07 OccqQe 38
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CCnQE normalized sample

Source of systematic Error|[%]
7w absorbtion cross-section -1.1 41.3
7 inelastic cross-section -1.8 +2.8
Proton rescattering -0.6 +0.6
Pion interaction length -1.2 +1.2

MC nuclear model -2.2 +3.1
PMT resolution -0.7 +0.1
Scintillator quenching -0.3 +0.3
Cross-talk -1.7T +1.6
PMT threshold -0.8 +2.1

Detector effects -2.0 +2.T
Normalization + R, og/ 0k -7.5 +7.8
MC cross-section variation -4.6 +4.7
Bodek and Yang correction -1.8 +2.8
CCQE M4 -0.7T +1.4
"\.-llf_‘._.-"lﬁ{_‘. ratin =11 .t123

Interaction model uncertainties| -9.1 +9.7
Fiducial Volume -2.6 +2.5
Disconnection from muon vertex -1.9 424
Vertex pointing -1.0 +1.8
EC cluster energy cut -0.4 +1.2

Cuts variation -3.4 +4.1

Total systematic uncertainties ( -10.1 +11.3

C.Mariani@Nulnt07

CCQE normalized sample

Systematic error evaluation

Source of systematic Error[%]
m absorbtion cross-section -2.0 4+2.1
7 inelastic cross-section -3.0 +1.8
Proton rescattering -1.9 +0.3
Pion interaction length -1.5 +1.5
MC nuclear model -4.1 42.8
PMT resolution -0.5 40.1
Scintillator quenching -0.1 +0.5
Cross-talk 4+1.2 42.6
PMT threshold -1.7 42.0
Detector effects -1.8 13.3
Normalization + REnge/qe -1.8 +1.8
MC cross-section variation -3.4 +3.3
Bodek and Yang correction -1.3 4+3.5
CCQE M4 -1.3 +2.4
NC/CC ratio 05 L05
Interaction model uncertainties | -5.9 +5.7
Fiducial Volume -2.6 +2.5
Disconnection from muon vertex +20%| -1.9 42.4
Vertex pointing -1.0 +1.8
EC cluster energy cut -0.4 +1.2
Cuts variation -3.4 +4.1

Total

/: :
-8.1 8.2
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To get the measurement as a function of the neutrino energy we
take 4 energy bins:
«E ,<1.5GeV,;
*1.56GeV<E<2.0GeV;
«2.0GeV<E <2.5GeV,;
«E >2.5GeV,

The bin is chosen to have approximately the same statistics.
Due to resolution effect an event with a reconstructed energy in
the bin | can have a real energy in different bin j. We use a
migration matrix to take into account for this effect:

T p"l-fC-‘rec — AT T .Tﬂ'f(-?truc
‘-\1 e J_[?J‘-\J

The migration matrix M;; result:
0.448 0.286 0.187 0.192
0.304 0.391 0.203 0.198
0.157 0.165 0.429 0.247
0.091 0.158 0.181 0.363
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From the events observed in data in bin i, NPATArec subtracting
the background events expected from MC N,°k9MC and using the
inverse of the migration matrix above we compute the number of
events background subtracted:

' i~ NP AL Arec \7bk Mc
N = Eje (M) (N — N7 )

£

Where ¢=efficiency. Same procedure is applied also to the CCQE
samples.
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Comparison with other experiments

The ratio between =° cross section and CCQE cross section is
computed dividing the experimental result from old experiment
(Barish, Kitagaki, Radencky and Day) by the CCQE cross section
measured by Barish. To compare we have to rescale these
results taking into account the different neutrino target:

C.Mariani@Nulnt07

o(v(CsHg) — pprtnd)

o(v(CsHg) — p~pr°) = 480 (vn — p~pr°)
o(v(CsHg) — p pr'x ) = Kbo(vp — ,li_p??+$’l'ﬂ)
o(vV9E (CgHg)) = 480 (vn)

o(v(CgHg) — p~pr?) _ 1y o(vD — ppr)
o(v(CsHg)) - oQE(vD)

o(vD — p—prtaY
:;’ff)}{ ( allly )

o(v(CsHs)) | 09ty D)
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The fraction of each interaction channel

CC resonant meson production
92 %

CC multi x production
4.1 %

NC elastic scattering
50 %

NC multi x production
10.8 %

NC coherent x? production
10.3 %

C.Mariani@Nulnt07

MNC resonant meson production

60.2 %

FC 2ring n° sample

large NC fraction ~ 86 %
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SY5.
truefrec=1.03 £ 0.02
non-NC1x? rec >true -
subtraction fiducial correction
- \ / Background definition
0
Nrcorag®” X loye X COIMgg fraction
NNCh:D - NC 1n® 73 %
Eﬁ: CC w/ invisible p CC w/ invisible &, n
7% 3 %
/ ..... 4 = 4
detection and reconstruction m \C;}‘.

efficiency

NC w/ mwslhle T a? produced outside
the nucler 10 %

\®i'.\®”"
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V. _______ CCnormalization

vuCC enriched sample :
FC single-ring u-like + FC multi-ring n-like + PC

_____ SR Ql BN . Yo p—
> > mﬂ
O O D
"*--...__‘_‘_._'_,_,..a-"“
FC single-ring u-like FC multi-ring p-like PC
vuCC fraction 96.5 % 91.2 % 98.5 %
N(v,CC) = N(FCu+PC),5° x purity x corrfid / eff
= 50226 x 0.960 x 1.02 /[ 0.846
x BG: NC inefficiency: muilti-ring PID
v FADC cut
4 Nﬁhs ™y
FC1Ru 22612 stat.
FCmRu 12386 | = 5.7820.03x20.26 x104
W 15298/ in 25 ton
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e a8 o
o N @

-
=

NC1z” detection and reconstruction eff.
o o o o
- N W

=

efficiency correction

n? detection efficiency curve

estimated by MC

inner : stat.

outer : stat. +sys.

200 400 600
true =° momentum (MeVic)

overall efficiency : ~47%
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e

NC1=" detection and reconstruction eff.

o
[-]

=
Era]

:

o
(5]

FADC peak cut
(effectively
1000p.e. cut)

FC cut

Nring = 2

204 fing is e-like

a 200 400 600 a00
true = momentum [Me\ic)

systematic errors for overall efficiency

ring counting
PID
escale(+-3%)

3.6 %
2.1 %
0.5 %

total

43 %

47



‘/

systematic error on purity

total: 6.9 %
v Cross section 6.2 % e
MA(QE) 1.1=>1.0 && MA(1x) 1.1=>1.0 0.2 %
QE cross section +-10% <<1 %
1m cross section +-10% 0.9 %
DIS cross section +-5% 0.5 %
w/o Bodek reweighting(DIS) 9.1 %
w/o Marteau reweighting(coherent x) 1.5 % | estimated by
CC/NC +-20% 2.8 % ) reweighting
Onuclear rescattering 1.9 %
absorption +-30% 1.6 %
Inelastic scattering +-30% 1.0 %
estimated from
7? from nucleon(or xt) interaction 2.3 % diffierent MC sets
: ] ] generated with
In water (2 interaction) varied cross section
total cross section +-20%
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n? production angle distribution

10 bins 40 bins
apo | backward forward
o ] 250 B NC resonant o
E 800 E M MC coherent =
m= NG multi
é 700 i*:ﬂﬂéﬂ : % 200 others f
E" 600 E’
& fao stat. error only . & 150
Q 4% . £ 100
5 300 . =
#* 200 e *
00|, » *
04 05 0 05 1 04 0.5
cosh_, (MC is normalized by area)  cosi,

Agreement between data and neutrino MC is good.
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# of FC 2ring n® events
E 8 8 &

Xy
s
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2 momentum distribution

100 MeV/c bin

+ data

stat. error only = MC

L
- -

200 400 600 800

rec n° momentum (MeVic)

# of FC 2ring n® events

b
8

b
a8

hd
=3

-
S

-
S

S

25 MeV/c bin

B NC resonant n

W NG coherent n

B NC multi o
others

( MC 1s normalized
by area )

200 400 600 8O0 1000

7° momentum (MeVic)

The observed data is reproduced fairly well by our neutrino MC.
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