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e MIinIBoONE and SciBooNE Refresher Course

* Physics Results From The Last Year...

— Neutrino Cross-sections
— Neutrino Oscillations

e Summary
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University of Alabama » Saint Mary's University of Minnesota
Bucknell University  Virginia Tech.
University of Cincinnati » Western lllinois University
University of Colorado, Boulder  Yale University

Columbia University
Embry-Riddle Aeronautical University
Fermi National Accelerator Laboratory
University of Florida

University of lllinois

Indiana University

Los Alamos National Laboratory
Louisiana State University

MIT

University of Michigan

Princeton University
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« Universitat Autonoma de Barcelona * Purdue University Calumet

« University of Cincinnati * Universita degli Studi di Roma "La
Sapienza" & INFN

« University of Colorado, Boulder _ _ _
« Saint Mary's University of Minnesota

* Columbia University
» Tokyo Institute of Technology

* Fermi National Accelerator Laboratory _ :
* Unversitat de Valencia

 High Energy Accelerator Research
Organization (KEK)

 Imperial College London
P 9 A selection of SciBooNE collaborators at the

« Indiana University London Collaboration Meetﬁing. March 2008

* Institute for Cosmic Ray Research (ICRR)
« Kyoto University

« Kamioka Observatory

 Los Alamos National Laboratory

* Louisiana State University

« MIT
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e MIinIBoONE and SciBooNE Refresher Course

[Bouster Neut




SN The Booster v Experiments
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Booster

LMC
% MiniBooNE Detector
v
n
— N | 50m
agneuc ecay
focusing horn region Absorber i

SciBooNE MiniBooNE
Booster Proton accelerator: 8 GeV protons sent to target

Target Hall: Beryllium target. 174kA magnetic horn with reversible horn polarity

50m decay volume: Mesons decay to u & v, Short decay pipe minimises u—v,_ decay

SciBooNE: 100m baseline; MiniBooNE: 540m baseline
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« Use HARP experiment pBe—n* production data to predict our
neutrino flux

+ +
- T —Uu vu
« Kaon production: Primary source of v_'s

* Reversible horn polarity used to sign select mesons

— Run in neutrino or anti-neutrino mode

b‘.-k P Y I.l ‘A, | N | i ~_I\ ~cl I | v 2 T [ Tal T T T T T Tl T TT T [al TTT TT TTT TTTT
§ s MiniBooNE Neutrino-Mode Flux t 10°LMiniBooNE Antineutrino-Mode Flux.-
3 - Y ] % Foegen T -
° L v v, R S
= H E 107 K . — Ve —
;2_ 1070 i -V, E S 5
wo [ 5‘»10-”; —;
® 10t & t ]
; 101 =

102 ]

10-13 E

10™ME

|
'
_10-13 1 -.._____.“- ..I_I
oL T T T RO OO .. 0 AR T A R T B R A |

| ‘ 11 11
0 0.5 1 1.5 2 25 3 35 4 EIEE 5 0 0.5 1. i 2 25 3 ) :
Wrong sign flux: ~6% Wrong sign flux: ~18% = (GeV)
Intrinsic v, flux: ~0.5% Intrinsic v, flux: ~0.5%
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SciBar Electron-Catcher (EC)

14,336 Scintillator bars 'Spaghetti' Calorimeter
15 tons (10 tons F.V.) 2 planes (x&y)

p/m separation using dE/dx 11X,
. identify n° & v,

Muon Range Detector (MRD)

12 2” iron planes
362 scintillator panels

stop u's with p < 1.2 GeV/c

All detectors have X&Y views

SciBar & EC used at K2K

MRD 'new' detector built at FNAL
2008 DOE P2* Environmental Award

/ 8



MiniBooNE
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Cherenkov Detector

Events identified using: MiniBooNE Detector
Ring topology
u-decay Michel signal L B e

Scintillation light
Able to distinguish v, from v,

* * 2 2 OBRR
* " 8 " RO0E
* " " 0 0B ORER
* " 0 800 ReeR
e 9 & 2 2 R00S
s & & & B DB EER
. & 8 2 5 0 OBRER
. " 8 2 20BN
L B B B B R R L
@ & & 8 0 8 B 0BIMNE
* @ & 22 0E0E
® & 8 B R RBAS

Physics Goals: a

Principally a neutrino oscillation experiment.
Also able to measure neutrino cross-sections
Huge data-set in neutrino and antineutrino mode

Specification

12 m diameter tank
900 tons mineral oil (CH,)

1280 inner PMTs (signal region)

veto Region 240 outer PMTs (veto region)



(SciBooNE(| Data Sets

Joseph Walding Fermilab Users Meeting 2"! June 2010
MiniBooNE SciBooNE
s 12f - BT
— i //14 O Q B v mode
10 128 4y | T
X f ] & S o o T
% 8_— ol —_10 2 'E -
B ] S -
= 6L B = E I
| - B Ll
@ i , 6 O 10
Q 4F | 0 _
i 4 — | ¥V mode L +\‘rmode
5 2 2 g i B
D_ -‘ ’ I |9 G_ | H| | | | ] ] ] ] ] ] ]
0 .|‘M' 0 jI(;l7n Jul Oct Nov Dec jlgg Feb Mar Apr May Jun Jul Aug
0003833 IBEEE8EEEE588833 & Paie
SSSSSSSSSSRRISSSSSR 8 e v: 0.99x10%° POT
OO0 OMOOMMFRMNM~TONOM—O0O~ O
QAN ONT AN ONT N ONT N O
~8898285-3358238%83 3

e v: 1.53x10%° POT
95% POT efficiency

e v: 6.5x10%° POT
e V: 5.8x10%° POT

Thank you to the Beams Division!

10

e Currently running in v mode

- Approved for 1x10% POT



Outline [SciBooNE(J

Joseph Walding Fermilab Users Meeting 2"! June 2010

* Physics Results From The Last Year...
— Neutrino Cross-sections

[Bouster Neutrino Beam B
—
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* Previous measurements from « No measurements of sub-GeV v
1970's-1980's Cross-sections

» Mostly H, & D, targets . Important for G& studies

« Small sample sizes (100's of events) e« v and v Different oscillation probabilities

.2 v CC cross-section G. Zeller 045 vy CC cross-section G. Zeller
[ S g
& 0.4 F

TOTAL
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Good understanding of high E cross-sections (DIS)
Low E is different regime:
Quasi-elastic (QE) and single pion (1) events dominate

Important for future neutrino oscillation experiments

—~12 'V CC cross-section G. Zeller 045 vy CC cross-section G. Zeller
> | 1 C

4&% E 0.4 |

ﬁ m§o,35 " TOTAL
g g 0.3 -

% <0.25

< 3

i g 0.2 F

E %O.WS —

T

Z;L i 0.1 -

B | ~F

o \50.5 —




] Neutrino Cross-Sections

Joseph Walding Fermilab Users Meeting 2"! June 201

-3

Expected statistic error (T2K) ¢ ]

5% systematic 210 :
20% systematic «_
Wish to know T2K cross-sections - g N
better than 10% '
—~ 1.2y CC cross-section G. Zeller i
= i 1
é% I Am? (x10° eV?)
e 1 TOTAL *
Sos| |/ m» rall quasi-elastic (QE)
'l.------. A - .
= ] \ IR e . signal
%Oﬁ = ‘ .‘ 4 c%%‘ T
= QE \1 .
>
L orour
Z BN Single Pion (background to
= M VvV, appearance)
cCCm
(background to

14
v, disappearance)
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"Typical' muon ring in MiniBooNE

* MiniBooNE uses muon kinematics to
describe event

 |dentify muons from decay signature

 Measuring total and differential cross-
sections

- Not ratios with respect to Charged 15
Current inclusive events



Quasi-Elastic Scattering [wé]

S Joseph Walding Fermilab Users Meeting 2" June 2010
Argonne (1969) .
M eff = 1,35 + 0.17 GeV/c? oo 1679 | e
ICERN (1977) .
cf. K2K: M, = 1.20 + 0.12 (SciFi) e e
M, =1.14 +0.11 (SciBar) BHIL (1550) ¢
BNL (1981) -
« Very different from light target experiments and for ey e i
higher energy interactions BNL (1986) .
BNL (1987) — i
« First double differential CCQE cross-section Al Y
_ Mode| Independent 0.85 O.QSMA‘I[.%SeV] 1.15 1.25

146,070 events: 77.0% purity, 26.6% efficiency

-39
F 1 2(1 0 dzc 2
> 8 _:_. = MiniBooNE data with shape error m(cm J"GEV) s MiniBooNE data (5N1=10.7%) o
L =, x10°% T ' s :
52 1 6 - RFG model (MT:I.OZ” GeV,x=1.000) 45 B . I: MiniBooNE data with shape error I8
~NZ 1408 1 s ' i g
g o R RFG model (M} =1.35 GeV, k=1.007) [ )
— 12 ] )
w [ RFG model (M{'=1.35 GeV,x=1.007) x1.08 ®
710" [ N
gy 8
B O 2
e f-\
4t S
B - &)
2" , &
0 : 1 1 1 1 5 A g 1 1 1 ......... 1 1 1 1 v)
0 02040608 1 12141618 2 103 04
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"Typical' 2-track CCQE event in SciBooNE

Yy B 150
- -

| 100}
CCQE w+ B
I 50 ; | I . -
n/\ ; R
-50| 1

e SciBooNE uses muon and proton -1eof
kinematics to describe event [

: : L e e rrsrre el RIS WIS WM (PR
 |dentify muons using MRD or -50 0 50 100 150 200 250 300

from decay signature

17
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« Extraction of CCQE absolute cross-section g L[+ om J. Alcaraz
= 25 A NEUT(M:LZGW]I
- MRD-matched sample £ [
5 [ 3
MRD-Matched Sample: b > e
13,585 1-track events: 66.2% purity, 10.8% efficiency e \°
2,915 2-track events: 68.5% purity, 2.3% efficiency P \\'{Q
1._
c o Q@
o5k B e
SciBar-Contained SciBar-Contained p HETE ——
Euu_l-traCksample Bﬁz-traCksample _.i. ! |[_|é|_1-;|||| R I 1 e ol I
[ 00 02 04 06 08 1 12 14 ‘1.6 1.8 2 2.2

Entries 3733 Entrieg,, 348

E, (GeY)

e SciBar-contained 1-track (u)
sample: Excess in backwards
muon tracks

 Not seen in 2-track (u+p) sample

18

J. Walding: Thesis




] Quasi-Elastic Scattering
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» SciBooNE and MiniBooNE data in good
agreement

* Low to high energy discrepancy

- Minerva to fill in the gaps...
Minerva, MINOS

X,

—

o
ad
@

Fil'_l-.
£

L
b

s e —

= ONEEOOONEAD

=
N
S ¥

. ."'r'liniBt-;u[\'E data with total error
% NOMAD data with total error

SciBooNE data “ilhiprelimimln error

RFG model with _"Ir'l‘;I—l.l'IS GeV, k=1.000
RFG model with M =1.35 GeV, k=1.007

10 ERFC (GeV) | 1o

III|III|III|III|III|III|III|III|I
[ A"O
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vu\/ "« Neutral Current

NCE 1o - SciBooNE: Proton track

- MiniBooNE: Scintillation light

* Proton typically below
Cherenkov threshold

n,p n,p

e ScIBoONE:

- NC/CCQE ratio calculation in progress — watch
this space!

20



NC-Elastic Scattering
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Extracted 949

Fermilab Users Meeting

[SciBooNE(J

2" June 2010

dQ2 ﬁ; ;1 0-39'_ MiniBooNE NCE cross-section with total error
® M I n I BOON E CCQ E Val Ue for MA better N% 3.55_ ++ ------------------------ MC irreducible background cross-section |
. . 6o 3—
description of data than world average o, . 1
5 &
 |solating a Cherenkov proton sample 2"

1.5 N~
— n: | —
Ratio: vp—=vp/vN—-VvN J 3
— Strange spin component of the nucleon, 0555 o
AS o5 S
=
« As=0.08+0.26, systematics limited g
= °F S ..
2 = é wouo - Data with total error 5
= 5 f_‘!, MC, MA=1.35 GeV, ¥ =1.007 C_CS
\:- = :% SE00 s MC, M,=1.23 GeV ,  =1.022 CI>J
> B u>J MC, MA=1 .02 GeV, ¥ =1.000 B
Z_ 2000 o
g 1500 D

0.1

O R o [ [ O |y e O R O T

- MC, As = 0.0 with the total error

MC, As =-0.5

MC, As = 0.5

350 400

450

500

550 600 650 700 750 800
(b) T (MeV)

1000

500

21

s IS
300

i L L 1 1 I L L L L 1 1
400 500 600
(b) T (MeV)
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§ 150 SciBar EC MRD
Vu\|/ Vi A :
100

50 N

n,p n,p {0 HHH H H HH
50| Aps i
* SciBooNE: Two measurements ; Yo i (L
-100[~

— Inclusive NC r°

— 0 '150-—|||||l||1|||||||1|||||||||||||||||||||
COherent NCTC 0 50 100 150 200 250 300 350

cm

22
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« Charged current events rejected by looking
for muon decay signature

Int. BG with 1°

e Vertex reconstruction used to reject external.
neutrino events (dirt events) from sample

[MMnt. BG without m°

Entries /20 MeV/cz2

Dirt

e Able to reconstruct the ©° mass

o £E

——

. i i} i — 2'6= 400
Extract model independent cross-section SN N

657 events selected, 240 expected background events g :
0 : X B

0 NCt NCTt » | —pata

O-<NC7T )_(Nobs _Nbck )ECC % - ncro :

- CC __ prCC [H100~ it 8Gwihm0

O- < CC) < N obs N bck ) E NC _’TO L Int. BG withoutnﬂé

Y. Kurimoto: Phys. Rev. D81, 033004

Dirt

—7.7+0.5"+0.5'9 x 107>

cf. MC prediction = 6.8x102 0
Error < 10%

23

Z vertex (cm)
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v Without vertex activity
u g |
Vu -’-[O 8 = I[\l):)tioherent 7
ﬁ @ I £25 NG other 7 with n

\ g 50+ B \C other 7© with p Q

Lﬁ ~ Int. BG with =’
. . . r W nt. withou Q:
 Neutrino interacts coherently with whole nucleus ﬁ# e B 0>.\
) e Q
- No nucleon recoil, forward tracks only g - kS
- SciBar sensitive to proton recoll §
: : .. E5°(1-cos@}) (MeV) ©
* Not possible in MiniBooNE ¢ oo I 3
: : With vertex activit )
* Define region around reconstructed vertex to look for Y &0
proton recoil activity = B e oo S).
_(_\J %258 NC other mwith n (@)
« Extract model-dependent coherent fraction g L — sl =
= H]]D Int. BG without n° >
. L >
« Fraction of NC 1° events from coherent channel: 17.9% >%
(cf. MiniBooNE: 19.5%) 3
: : . IS
- Agrees with Rein-Sehgal (RS) prediction IS
.
- CC (K2K, SciBooNE): No evidence of coherent E%(1-cos%) (MeV) 2
production - disagrees with RS prediction >
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e Cross-section extraction In
neutrino and antineutrino
mode

25



MB: NC ©° Production
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Fermilab Users Meeting

More model-independent measurements

[SciBooNE(J

2" June 2010

* Flux averaged differential cross-sections (v and v mode)

e el =
= 1= .. +e &= Data (@)
3 B —— Monte Carlo
S B )
o
T 0.5}
o - _+1_1
005 e s —
00 02 04 06 0.8 1.0 1.2 14
%10
0.7p . . .
0.5F i ]
0.4f . ~
0.3} \ 4
0.2f i
0.1} ===
) I rrar |
0.0 0.2 0.4 0.6 0.8 1.0

- Already being used by T2K!

pro (Gev/c)

C. Anderson: Phys. Rev. D81, 013005

05 0.0

05

1.0
cosb,0

26



(SciBooNE(| CC = Production

Joseph Walding Fermilab Users Meeting 2"! June 2010

v”\| ® .+ CC-n": Background to v, disappearance
L - If pion not identified event looks
| . CCQE-like
/|< - Mis-reconstruction of neutrino energy
P WP« For T2K need to know CC-n* cross-

section to <10%

« CC-n’% Not an oscillation background

- Completes & production picture

27



MB: CC n* Production [EEE=1

Joseph Walding Fermilab Users Meeting 2"! June 2010

* Ability to separate pion and muon tracks Kink point
— — >

— Hadronic interactions — kinked tracks
* Absolute and multiple differential cross-sections calculated:

Model oXoa 0o 0o oo oo oo
Independent O0(KE,) d(cos0,)’ 0(KE,) d(cosh,)’ 0(KE,)d(cosh,)’ 0(KE,)O(cosO,,)

Model o ( E ) oo
dependent v/ G(QZ)
w®  ErarBands ) e RS ) : = = =
t e e e i ER.. :
% E —— MInIBooNE M - easurement A E g - ; | B E
S I D Total Uncertainty & =5 = - =4 —008 =
I " A 3 o4 - - £
® & = il 2 a
& v @ E 2 U'LE = —0.06“;:%
\\ 5 k3 00— | 1 w”
30 0 . g 3 2
Q& - ™ @ Ao
20[- 4 0.4 0\ =
- | | * =
10/ _ = B8 . Q oo
M. Wilking ™S S o5 M. Wilking =
% 200 a0 60 800 1600 1200 1400 = gl a0 Bw 6 ses By S M 28

0 50 100 150 200 250 | 300 350 400

Q Squared (MeV?)
Pion Kinetic Energy (MeV}
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80.14
« 3-ring fitting required =
£ 0.1
- Overlapping, difficult to .
distinguish 0.0
e |dentify muon ring Lt
0.02:
* Reconstruct pion mass from photon
. 0
rings
» Construct and cut on CCnP° vs. e m R. Nelson -
generic 3-track fit likelihood - S c\—McPrmon ‘:
d iﬁ:e re n Ce | Y PR e Observable CCr® _]

-------- Background 1 ]
0.08 --= Background no 7t°

0.06[3
0.04f

0.02f

Plots: Absolute normalisation e RS ?faa,?f 0
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e >-<lqw||||||
5 [ —— Statistical error -
. . FE . :_ Systematic error _:
* Absolute and several differential cross- I el Q@ | \ |
sections extracted o (0\0 N '} .
T 15k ’ } ]
. . ~ :
e MC not in agreement with measurement = | |
10F g
:
: R. Nelson
0 e s T e T 2
x10” T 18><'1'q7-:9"'|"'|"'|"'|"'|"'|"'|"'|"'_ Sl
g' ZOE—I i II—-I—ISIta;isltic;a]Ie;r(I)rl | I_E 5 165— —— Statistical error ]
; 18:_ + e E - E 4 Systematic error E
(3 1 { Systematic error . 2 g 4F -
g i_* t —— NUANCE ‘b$ E el f ——HHANCE ‘b*A_
- * QX L QM
? 12 ' . %(0 : g 10E &\{0 —
:_ 10: t *0 :_ 8 f *0 7]
U | ;Q E U i < s
>:L 6-— : '] — >1 - i i
% i : E B 4 @ R. Nelson]
%5254 05 08 002040608 T 1214 1618 2

Q* [GeVH
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* Analysis currently in progress
— Successfully reconstructed pion mass
 Goal: Calculate absolute cross-section

|__pio Reconstructed Mass | Pi0_mass_data

- 2 &

30F

20 f
- J. Catala

10

nl.'l 50 00 150 200 250 300 350 400 430 500

MeV

Plot: MRD-Matched Normalisation

31
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* Physics Results From The Last Year...

— Neutrino Oscillations

[Bouster Neutrino Beam B
—
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T T TTTTTT
Lo
Am?

= MiniBooNE 90% C.L.
=== KARMEN290% C.L.

= = Bugey 90% C.L.

10 10

4= \) Appearance

1 | Phys. Rev. Lett. 98, 231801 (2007)

T IIIIIII|
N gy i

W

=
-

Sy
D18

|am?| (eVZ/c?)

T

~~~~~ 1c o,
107 N =10 [ ""--::;:--...
c .: - F + 909%CL MiniBooNE exclusion limit e,
- =] D + 3o MiniBooNE exclusion limit
L = LSND 90% C.L. ~e 3 v p_ I Sap pearan Ce I [ N Zsﬂ:‘?ﬁ’:? gnxf‘ﬁl;s‘luuu;thg‘m 12,72, 5 (null) of 17.78
r [ LSND99% C.L. DRI B t [7] ot vt coms
ol i et e Phys. Rev. Lett. 103, 061802 (2009) S| Beamemom
10 10 10 I L L
10° 10? 10" 1 107? 10" 1
sin?(29) sin®(26)
10°
= —— 90% CL limit, ES > 200 MeV F
I & e 90% CL sensitivity, E°° > 200 MeV < | 5,9,
r e - 90% CL sensitivity, E°° > 475 MeV
10

—— BDT analysis 90% CL limit

4\ Appearance

Phys. Rev. Lett. 103, 111801 (2009)

10

il
| — - F
"TE [swosonc V, Disappearance =ep ..........
E DLSND 90% CL « Phys Re\/ Le‘tt 103 061802 (2009) [ ;Z:sth,:‘:‘?auwu’:zg_enxgc)wm‘;:wni543;}(nuu)nvng
[] v v comm
1(\'2||| L L L 10" ! il T
10°?

-1
10 sin2(29)1 33



> 06
@ N
= | e Data
~ - [ V. fromp
-g 0'5: ] V. from K*
@ B I v, from K°
o o04f B ~© misid
B [ A— Ny
N e dirt
0.3} [0 other

Const. Syst. Error

0-2I 1 I0-4I 1 Io-sl 1 I0-8I 1 1 1 I I I1-2I 1-4 1-6
ECE (GeV)

Direct test of LSND signal

« Analysis based on 3.386x10%°POT
200-475 MeV: -0.5%11.1 events
475-1250 MeV: 3.2 £ 10.0 events

— No indication of data-MC excess

—
o

|Am?| (eV %/c?)

L]
—l

—
<

[g=]

10

......

— 90% CLlimit, E° > 200 MeV
— 90% CL limit, EX* » 475 MeV
ens KARMEN2 90% CL

[ JusnpowcL "
= [ snososscL
|||| ] ] ||||||| ] ] ||||||| ] 1 II'II.I"I'II
10° 10° , 10" 1
sin“(26)

Result inconclusive with respect to LSND
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— Constrain K* flux from high energy v, e 'E\,I(Gev;

events MiniBooNE Collaboration: Phys. Rev.
D79, 072002 (2009)

« Data/MC ratio:

—- 2-Track v, sample: 0.74+0.06(stat.)+°%,,.(sys.) (preliminary)

- 3-Track v, sample: 0.77+0.08(stat.)+%3%, . (sys.) (preliminary)

G. Cheng analysis



gD SB+MB v, Disappearance
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e First inter-collaboration measurement!
* Improve disappearance measurement

- Use SciBooNE as a near detector
- Same nuclear target (Carbon)
» Reduce uncertainties

- Beam flux

2" June 2010

CCFHBO % CL!ImIE

- Mm:BaooNE onlyr Q0% CL sensm\.rity R

SmBu{JNE MIHIBO{}NE 90% CL expe(lé'd """"

1|I!IIII|.II\IIIIIII\IIIII.II\I-IIII-II\I-IIII
0.1 0.2 03 04 05 06 0.7 08 09 1

sin°20

* Improved from MiniBooNE-only sensitivity especially at low-Am?
region, where absolute normalisation is important.

Final data fit result will be released soon! 37



MB: Supernova Search
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Papers and Theses  [E]

Joseph Walding Fermilab Users Meeting 2"! June 2010

e SciIBoONE:

- Papers

* NC Inclusive ©°; Phys. Rev. D81, 033004

* NC Coherent n% arXiv:1005.0059 (accepted to Phys. Rev. D)
- Theses: Y. Kurimoto, J. Walding

e MiniIBooNE:

- Papers
« CCQE: arXiv: 1002.2680 (accepted to Phys. Rev. D)
* NCn% Phys. Rev. D81, 013005
e CCrt*/QE ratio: Rev. Lett. 103, 081801
« MiniBooNE Supernova Search: Phys. Rev. D81, 032001
- Theses: D. Perevalov, R. Nelson 29



[sciBooNE(] Summary
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« A number of new cross-section results from
both experiments published or in the pipeline

- Many firsts!
- Model-independent differential cross-sections
- Interesting kinematic distributions

* First joint SB+MB Analysis: Paper in the works

40
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) SciBooNE Event Definition
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* Three event sub-categories

SciBar-Contained MRD-not-Stopped MRD-Stopped
Sample Sample Sample
SciBar EC  MRD SciBar EC  MRD sciBar EC  MRD

1 H

H_/

MRD-Matched Sample

<
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] Quasi-Elastic Scattering
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e SB-contained 1-track (u) sample:

 Mis-reconstruction

- Short tracks

* Not the case, looks to be real
physics

- Under further investigation

T Bee 309:33:02 2009 N - = Length im] il
% o H Entries 453
s H == * Timing comparison between track
: e ends supports case for physics effect
_ T 44
5 =5 ; 0 50 Instrumental effect
Time (1 coincidence - 1st hit) (ns)




S |nclusive NC n° Production
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N s 657
Nag 240
Encro 0.05
NCC 21702
NCCq 2348
Ecc 0.19
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