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SCIBOONE
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SCIBOONE DATA

Number of Protons on target (POT)

- == Delivered
- eeeee For analysis

e 2.52x102° POT in total
 Neutrino: 0.99x104° POT
e Antineutrino: 1.53x102° POT

N
e

Protons on target (x1E20)

[ || | | L
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Date

gun Jul

» Data taking: Jun. 2007 - Aug. 2008

Results from full v & v data set presented today
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V FLUX PREDICTION
V mode V mode
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e <Ev>~0.6 GeV
e 93% pure vy beam * 84% pure v, beam
* V. ~6% * V. ~16%
® Ve + Ve: < 0.1% * Ve + Ve: <0.1%

e <Ev> ~0.7 GeV
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NEUTRINO EVENT
GENERATOR (NEUT)

NEUT prediction (Carbon target)
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SciBooNE Energy
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e Llewellyn Smith, Smith-Moniz

e M,=1.2GeV/c?

e P=217MeV/c, Eg=27MeV
(for Carbon)

Resonant 1

* Rein-Sehgal (2007)

e M,=1.2 GeV/c?

Coherent 1

 Rein-Sehgal (2006)

e M,=1.0 GeV/c?

DIS

e GRV98 PDF
 Bodek-Yang correction

Intra-nucleus interactions

e Pion FSI & nucleon FSI
(e.g. pion absorption)



SEARCH FOR
V CC COHERENT T
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SIGNAL & BACKGROUND

Signal Background
CC-coherent 1r CC-resonant 1
(V+A—>|J+A+'|T) (v+ p—>p+p+1'r)

U
V . nucleon

T

Predominant process in ~1GeV.
Mainly through A resonance.

Nucleon signature differ event-topology of resonant-1r from coh-r.
Fine granularity of SciBar allows to separate coh-1r and resonant
T production event-by-event.
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TECHNIQUE TO IDENTIFY COH-TT

s eoh»

« Separate CC coherent-1r Resonant (MC_)_

from CC resonant-tr: g e
s

Large activity (recoil proton)

e Resonant 1T has

nucleon In final state ST Coherent 1 (MC)
* No recoiled-nucleon in e e, U
coherent 1 Small activity

: SciBar ADC hit « d it
° LOW energy proton make ‘ (area energy epos|)

an energy deposit around
the vertex =
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TECHNIQUE TO IDENTIFY COH-TT

» Separate CC coherent- / :
from CC resonant-r: -
p
E o activity | w/ activity
* Resonant 1 has il B =
nucleon in final state ~ =*°° 4 =
 No recoiled-nucleon iIn I f*&b Ml ccoe
coherent T oo & h

- Low energy proton make g S R )
. Energy deposit (MeV)
an energy deposit around s

the vertex =
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TECHNIQUE TO

» Separate CC coherent-r
from CC resonant-r:

e Resonant 1T has
nucleon In final state

* No recoiled-nucleon In
coherent 1T

 Low energy proton make
an energy deposit around
the vertex =

IDENTIFY COH-TT

P

> B - - - -
2 | noactivity | w/ activity
= = = ® DATA
2 =
‘s I* 3 ~-| CC coherent &
3 200 i ’& ——| CC resonant &
I == Other
| =
L ’}f = B ccae
=
100

.

.

Energy deposit (MeV)

Data deficit in small vertex activity region.
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CC COHERENT PION SAMPLE

<Ev>=1.1 GeV
Reconstructed Q2

§150~ —

> FE * DATA

& E |

(=) = é [—] CC coherent =
= s

= 100{~ | CC resonant n
@ = == |

= f+ : kﬂj Other

w R | Bl ccae

% 0.1 -o; — '-o.»:; e 0.4 0.5
Q? (GeV/c)?
o (CC coherentn )/o0(CC)

= (0.16 = 0.17(stat )*,5, (sys ))x107
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<Ev>=2.2 Gey K Hiraide

- Reconstructed Q?
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® DATA
m CC coherent

CC resonant

o Other

T

Entries / 0.025 (GeV/c)®
W
o
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% 0.1 0.2 6.3 T 0.5
Q? (GeV/c)?
o (CC coherentn )/o0(CC)

= (0.68 = 0.32('stat )*,;. (sys ))x 107>
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UPPER LIMIT ON CROSS SECTION

-d
o
o

Rel?—SehgaI _ Measured upper limits on
w/ lepton mass correction o (CC coherent TT)/0(CC)

(Our default model) ratios are converted to

""""""""""""" upper limits on absolute
---------- cross sections by using
O(CC) predicted by MC

c°¢(10"*cm?/Carbon nucleus)
(o))
o

0
o
IllllllllllIIIIIIIIIIIIIIIIIIIIHIIlllllllll]llll

o 000
30 2 SciBooNE 90% C.L. simulation.
v
20 Alvarez- R.H.S.Q-.et al.
WE" A .ot e p———_— Ka rtavtsev et al.
D et ’.1-..‘...1...““" LI W 1‘" 1'"“1“".1 [ T l TR BT R
% 0.5 1 15 2 35 3

E.(GeV)

« SciBooNE'’s upper limit at (Ev) =1.1GeV
corresponds to ~33% of R&S model prediction
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NC 1m° PRODUCTION
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NC 1 PRODUCTION
SIGNAL & BACKGROUNE\)} ;

e Signal:

e NC-1¥ production
v+C—v+T10+X

« NC-1r% = NC int. in which at least one 110 in the final state

Two “shower-like” tracks (from 11°)
~6% of total v interactions (based on Rein-Sehgal model)

« Background: CC-111%: v+C—pu+mo+X

« CC-110 production
« External particles (e.g. n, vy)
* Neutrino interaction outside
detector ("Dirt event”)
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NC 1 PRODUCTION
SIGNAL & BACKGROUNE\)} ;

« Signal:

e NC-1¥ production
v+C—v+T10+X

« NC-1r% = NC int. in which at least one 110 in the final state

Two “shower-like” tracks (from 11°)
~6% of total v interactions (based on Rein-Sehgal model)

« Background: Dirt / wall SciBar
« CC-110 production
£ Exiernal particles (e.d. n, y) = .
* Neutrino interaction outside
detector ("Dirt event”)
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NC T CANDIDATE

 Require at least two tracks
contained in SciBar+EC.

* No activity in MRD

* Event selection cuts designed
to find particles of converted
photons with ¥ invariant mass

1. Internal BG rejection
(CC events)

2. External BG rejection
(particles from outside)
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CC EVENT REJECTION (1)

e*< /e
» |dentify muons / -

et+e-

* Find muon decay (u—e+2V)

| _ Muon lifetime
o USe SClBar TDC hItS o Muon Lifetime (XZ and YZ combined)

 (Calculate time difference — 1
between track edges and |
late TDC hits

 Require At <100 ns

10¢

. 1,=2.00 + 0.05))

-—t e e & A A A A A A A A AN A A A A )

0 2000 4000 6000 8000 10000 12000 14000
Time /ns
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CC EVENT REJECTION (1)

e*< /e
» |dentify muons / -

. e+e-
* Find muon decay (u—e+2V) Time difference At
w104?“§
e Use SciBar TDC hits S
 Calculate time difference  310°
between track edges and :

late TDC hits ke
» Require At < 100 ns |

/ 100

Entrie

10}

0 2000 4000
Atmax (nS)
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» Track separation o Yoo

. =

CC EVENT REJECTION (2)
NC 19 candidate

Photons have finite sof [Tl
conversion distance '

Ao AHE R
r—i ‘—

Require tracks be at CC background
least 6 cm apart. AT

(CC events: y and p/mm*- have
common vertex)

-50}

~80% of CC events

rejected. ol PTRNT
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CC EVENT REJECTION (2)
NC 10 candidate

» Track separation o ,Y,!
* Photons have finite sof "N |
conversion distance E } >
100 i
« (CC events: y and p/mt™ have
common vertex) Track edge distance
: g IR — Data
* Require tracks be at Sl B o
least 6 cm apart. g | o neeing
LICJ - ) Int. BG without =
102;— 7 L Dirt
:
« =>»~80% of CC events ol ,
rejected. Wi [“W”
1_— ] L

0 50 100

Minimum distance (cm)
16
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EXTERNAL BG REJECTION
1;0 vertex (z-position)

» Reconstruct 0 vertex = o
position H A
w100 %Int. BG with 0
: Mlnf. BGwithoutTroé
« Require photon tracks to |
point to a common vertex N s S
within SciBar. 2 verex (om)

T

ex. Dirt event
SciBar

L
]
“

1T0 vertex

2=0 Z (b%am direction)
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NC T PRODUCTION
CROSS-SECTION

Reconstructed My

§ 2000 «

% Jf — Data

Q | Neuk

@ Int. BG with 11°

H

= Int. BG without T°
c 100

LLI i

0
Reconstructed mmass (MeV/c*)
: ‘ - R
o(NC-11%) _ .
5(CC) [7.7 + 0.5(stat.) + 0.5 (sys.)] x 10
> Wy,
oNCT) _ 6.8 x 10-

cf. MC prediction: 5(CO)
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o
N

Fraction of Events

O
N

mT°” KINEMATICS

% kinematics are important for BG
evaluation of ve appearance search.

BG subtracted. Smearing & efficiency corrected.

% angle

— statistic error

;

l systematic error
””” MC expectat 3
| | | | | | |
0.5 1

Corrected n° direction (Cosine)

Fraction of Evecr;ts / 80 MeV/c
N

0]

° momentum

— statistic error

l systematic error

+

i

500

Corrected 7°® momentum (MeV/c)

>
o 2

: Data with stat. error

. MC with systematic error
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3. Find x.

SEARCH FOR
COHERENT Tt°




EXTRACT NC COHERENT T°

Neutral Current 0 | V V
has in final state =» o

(no nucleon in coherent 1) /4
e 1L ) VY
SciBar EC MRD p —’”\ D

® : SciBar hit, areaxenergy deposit

Tuesday, March 8, 2011



EXTRACT NC COHERENT T°

Neutral Current 0 | V V
has in final state =» o

(no nucleon in coherent 1) /4
e 1L ) VY
SciBar EC MRD p —’”\ D

L L fy=efeqmaninmr

Y_} e+e_

® : SciBar hit, areaxenergy deposit
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EXTRACT NC COHERENT T°

Neutral Current 0 | V V
has in final state =» o

(no nucleon in coherent 1) /4
= Y

SciBar EC MRD P = 7

Recoiled proton!

L Lfy=ereqmanmmii

Y_} e+e_

® : SciBar hit, areaxenergy deposit
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EXTRACT NC COHERENT T°

Neutral Current 0 | V V
has in final state =» o

(no nucleon in coherent 1) /4
I Y

SciBar EC MRD P = 7

NC resonant 1°
V+p—V+p+TTY

Recoiled proton!

L Lfy=ereqmanmmii
| ‘8}{& Tmmamimimn

Y_} e+e_

® : SciBar hit, areaxenergy deposit
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EXTRACT NC COHERENT T°

Neutral Current 70
has In final state =¥
(no nucleon in coherent 1)

SciBar EC MRD

V V

N

L
0 5 Yy

p/’\p

NC resonant 1°
V+p—V+p+TTY

Recoiled proton!

1T Llly=ereqnm

Y_} e+e_

® : SciBar hit, areaxenergy deposit
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Energy deposit at vix

} — Data
i 0)
200 5 ( NC coherent =
%J i NC other r°with n
= Bl ncother Owith p
g Int. BG with n°
S~
% = ‘]]]]]]]] Int. BG without n°
5 100 &
T I
L s

O

| Vertex Activity (MeV)
P—-——-————




Entries / 25 MeV
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50

NC COHERENT T°
CROSS SECTION

NC 110 with vertex
activity sample

++ Dirt

— Data
NC coherent no)
524 NC other ©© with n
B \C other 2 with p
Int. BG with 7
[ nt. BG without 7

E;°(1-cos6y) (MeV)

o(NCcohn")

o(CC)

Entries / 25 MeV

(118

50 g¥

— Data
‘ NC coherent ni° )
NC other n°with n
- NC other n°with p
Int. BG with n°

[ 1nt. BG without °
Dirt

------------------------------

0 200 400

E, (1-cos6[s") (MeV)

0.24) x 1077

cf. NEUT prediction based on Rein-Sehgal model:
o(NCcoh1%)/g(CC) = 1.21x10-
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SEARCH FOR
V CC COHERENT T

Preliminary results
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V CC COHERENT T PRODUCTION

e VvV mode is more sensitive to CC
coh-1T events than v mode

® g(v coh-1T) ~ o(Vv coh-r)
while o(vCC-bkg) > o(vCC-bkg)

* Mirror analysis of SciBooNE's v
mode CC coh-1T search

 Same selection criteria, (almost)
same method to evaluate
background events

 Major difference: large fraction of
Wong-Sign (WS) components in
V mode beam.

Tuesday, March 8, 2011
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51010 o S s s B e B L
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: x A P: + Gar elle {2
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i T T A [} | I T I I I
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Plots from Phys.Lett. B313, 267-275 (1993)

Solid line: Rein-Sehgal model
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WRONG-SIGN

VvV mode flux

= —all
(0]
= _Ve
Q1071 vy
X
5 i
10 e
b=
S
X
>
L 10712
10-13 = .L'I'hhm
1 1||'L‘L.*
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0 05 1 15 2 25 3 35 4 45 5
E. (GeV)
o Vp 84 0/0

WS components contribute to both signal (CC coh-)
and background events
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> Vp: ~16%

CONTRIBUTION
Rate: [flux] x [O]

5000|
4000/~ ] H .

i | .
3000/~ /
— I

2000|- I
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1000|- /
",
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. Vp :~360A)



EVENT SELECTION

Define MC
normalization

[ SciBar-MRD matched sample]

[ MRD-stopped]

c

O

T% Frzazerd [1track] [2track] [>2track]
>

2 Particle

g identification [ H+P ] U+ ]

é —

T)

o

Energy deposit [@ activity | w/ activity
around the vertex

MRD-stopped

CC-coherent 11
sample

Tuesday, March 8, 2011
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BACKGROUND EVALUATION

* Tune the MC, constraining systematic uncertainties
due to v interaction model, beam prediction and
detector response.

* =» Evaluate background with the tuned MC

3000

Preliminary 0 f— Preliminary
2500 -
1 wf | > 0.1 GeV? S :
2ooo 1 _traCk § + “+p QZ d|Str|bUt|OnS
control sample * s = control sample
1000 = 40— = ;f::;”i —_——
500 20 B v CC coherent &t
% 01 02 :;’“SM“; RS % 01 02 03 04 05 06 i o; 7“08 BCCRE v CC coherent
L — ~—— — — v (wrong sign)
a0 Preliminary

= = | >0.1 GeV2 _
100 “+.r[ W/ =2 % v CC resonant
U+TT W/0 oo

80 t' 't 150

= actuvi .
ol n y 100/~ = aCt|V|ty v NC
«- =, control sample

BG (EC/MRD events)

20 s 3;
= el et e e I T T
04 O 01 02 03 04 05 06 07 08 09
T — —— R — ——— 27

Tuesday, March 8, 2011



FIT METHOD & FIT PARAMETERS

2 2 2 e N I 2y
. G = 22 ( R ek i Ngxp> Xoys = (Paya — Fo )V (Foyjc il

©J
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1, ltrk norim Nz’, urH — Ruorm - R2trk/1trk
. QE + R...ntes + R nother QE res other
T 1trk res’ti 1trk other’’; 1trk ;" mn T Bresy en + Rothery
exXp . . exp

Nz, ©p Rnorm RQtrk/ltrk Rp/ﬂ' Nz’, url Ruorm - R2trk/1trk + Ract

QE res other QE th

|: 2 LD —l_ Rresnz LD —I_ RothernZ ,UD |: i /,LT('L _'_ Rresniejﬂ_L —|— RothernZO M§£:|
mode __ v—mode v—mode
ni,sample — (ni,sample + RWS n; sample)

Rws: scaling factor for Wrong-Sign (WS) events

Ratr1tri: Migration parameter between [1trk]-[2trk] samples

Rpm: migration param. between [+p]-[u+T11] samples

Ract: migration param. between [with activity]-[w/o activity]
Rres: scale factor for resonant-t

Rother: scale factor for “other” (= multi-rt, DIS, EC/MRD)

Rpscale: momentum scale

Rnorm: overall normalization -- no constrained

kappa: only for QE o3




FIT RESULTS
Param Value Er-r'gr_l
Rnorm 1.062 0.029
Roatrk/1tr 1.038 0.044
Rpm 0.901 0.057
Ract 1.038 0.104
Rpscale 1.022 0.002
Rres 1.11 0.099
Rother 1.023 0.096
Kappa 1.001 0.002
Rws 0.948 0.057

Tuesday, March 8, 2011
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: V+Vv CC coherent 1t

FIT RESULTS : v CC resonant

v Other (DIS, EC/MRD, NC)
Before After ... . ¥ CC QE

Preliminary Preliminary : Wrong-Sign
2500
15001 1 -traCk‘ : ! 250:_ Prehmlnal’y
1000 z = N Q2 > 0.1 GeV2
=an 200
500 ,x ,,,,,,
% io?f e ore 150 l.l+]-[
— — 102 o0 s T0eTrTeE e o
_ Preliminary — 100F- w/0 aCt|V|ty
o= —> Q2>0.1 GeV? s/ Preliminary =
100 = 50 :jfft
- ~@—1 ~
% N 00 0.8 ©rhug 29 04138
I | .
o Preliminar
1
10 1
5 | — - . — Q? (GeV/c)?
o Preliminary | ! After
20 120 150
oof IJ+]-[ 100
80 - 1001
60 % W/ aCtIV :Z :11
% ,_;ti_-+- 40 2 50 &8:7: Bz
2‘; e = . = 2 = e el
o hEes A as ae er a8 es e % "o o2 03 04 05 06 07 08 09 i

o 01 02 03 04 05 06 07 08 09

— ——— e (Gevio Q? (GeVicy?
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CC COH-TT SAMPLE

Signal region = Q2 < 0.1 (GeV/c)?

100

80

60

ey

40

20

i

| ‘ S ege
S| ‘
QL

eS| |
O O O O o N — — — —
0.0’0‘: 190 %% —.

In signal region:

Nobs — 139
kag =96.4 +5.5

4 %

1962%0%6%0%:% 0100
2 ."”.’0""’ TTTT

Tuesday,

0.05 qf 015 02 025 03 035 04 045 05

Q2 (GeV/c)2

CC coh-rt sample =
MRD-stop, 2-trk, H+T11, W/0
vix activity, non-QE, fwd-tt

March 8, 2011

v CC coherent nt

v CC coherent nt

v (wrong sign)

v CC other
% v CC resonant &t
v CC QE

v NC

BG (EC/MRD events) |

® The results corresponds to
~1/4 of R&S model
e Based on number of
events in Q2<0.1
® Nobs-Nbkg= 42.6
® Ncon(V+V) =176.4
(NEUT, R&S)
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CROSS SECTION RATIO
~GENERAL FORMALISM~

#CC coh-r) = —Noos~Nokg 55y _NWiRD X P

€coh Ecc

€coh x Pcc

e R: cross section ratio o(CC coh-1t) / o(CC)
e Nops = # of observed events in CC coh-tt sample (Q2<0.1)

e Npkg = # of expected Bkg events in CC coh-mt sample (Q2<0.1)
e Nwurp = # of observed MRD-match events

e econ = CC coh-ttselection efficiency

e e = CC selection efficiency

® pcc = CC purity

Tuesday, March 8, 2011
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CROSS SECTION RATIO

However v mode beam has v (Wong-Sign) contamination.
Data include both v and v contributions, and the formula of
R becomes complicated.

For example:
Nokg = NVbkg + NVbkg, NmrD = NVmrD + NVYMRD

The cross section ratio R, we derive from data, will be formed like:

-

Nobs - N e
R = obs bkg X cc

NmRD €coh x Pcc

o(v CC coh-t) + r-o(v CC coh-t)
o(v CC) + r-o(v CC)

“r”1Is aratio of v and v fluxes in v mode beam:
r=[®(v)dE/ [O(V) dE =0.19

33
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CROSS SECTION RATIO

e (Cross section ratio with
e Mean neutrino energy: 1.0 GeV

o(v CC coh-1) + r-o(v CC coh-)

(v CC) + r-o(v CC) orel

= (1.13 £ 0.34(stat) *)'5 (sys) ) x 102

e (Cross section ratio ~20 away from zero.

cf. v mode CC coh-1r result (MRD-stop sample, {Ev) = 1.1 GeV)

o(v CC coh-m) +0.30

50V CC) =(0.16 £ 0.17(stat) _ 007

(sys) ) x 102

34
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“NON-ZERO’” CC COH-TT

SIGNATURE

e Muon and pion angles

ity

IV
IV

Tt sample = w/o vix act

e Coh

ity

e Counter sample = w/ vix act
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120

Data “excess” w.r.t. Bkg prediction concentrate Iin

small angular region (forward region).
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CC 1 PRODUCTION

Preliminary results
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CC T PRODUCTION

CC 10 production: only incoherent-1r contributions,
Sensitive to resonant-mm & multi-tr/DIS

e Signal.

————————

e CC-1Y production
v+C—pu+o+X

e« CC-mr? = CC int. in which one T in the final state
(ex. one 11V + one or more charged 1T events are also signal)

One muon + Two “shower-like” tracks (from T1)

« Background:

 eX. CC/NC events that produce

11Ys in detector (outside the target
nucleon)

37
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CC ™ CANDIDATES

» Select events requiring:

* One muon track: identify

by MRD

e Two shower-like tracks

Tuesday, March 8, 2011

non-proton like

tracks disconnected
from event vertex

TOP VIEW

CC n° candidate
G50 T —{ T
. 1 M [I:— T
‘Il'.'lﬂ_ L L
[ __L_ L
_ x|
sop O 1| @k HHHH
Sascant gl
of Tl TITHTH
i a.__‘% igingingsn
i @ qmmm
0] T
: T T
-100- _! inininn
'150—|||||||||||||||||||||||_T|TT|_T|17TT|1_||

0 50 100 150 200 250 300 350

L e—

cm
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SELECTED CC-T° EVENTS

0 distance to vix (Lo) % mass (Mmo)
Dd |Pi0 Reconstructed Mass | Eﬂ:ﬂ?;:ss_uszt:
: DATA ::;: + ;Eglr‘:" RMS 96.67
- Slgnal 5n§— EEE;EE:H
: Bkg with 1O “F | Preliminary
: Bkg without 0~ ™
: External bkg )

H—h [ 117 S==|
0 50 100 150 200 250 300 350 400 450 500
= MeV

0 e+o.  Lmo =distance between v vertex and
L\ F AR reconstructed 110 vertex.
10 et+e-

* Major background: 110 production in detector

 =>» Bkg events have 0 vertex far away from

neutrino vertex 5
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BACKGROUND EVALUATION

« Signal and Background events has different shape in
M=o and Lno 2D distribution

DATA i MC templates

S\ Preliminari;
D fw
P g

Prellmlnary pr—

Lno(Cm) Bkg w/o TrO :

o v ben v b v baney
00 10 20 30 40 50 GO T0 B0 a0 100
\ S

 =>» MC template 2D (Mno, Lno) fit to data by re-welghtlng
# of evts of Signal, Bkg w/ 110, Bkg w/o 110

Nobs = Psig-N(signal)+ B1-N(Bkg w/ 10) + B2-N(Bkg w/o 110) + N(external bkg)
Psig=0.96£0.28,B1=1.1920.6,B2=0.2+£0.5
(Note: included in the fit yet) 40
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L AND TT° KINEMATICS

After fit
(MC absolutely normalized)
Muon angle Muon momentum

: Prellmmary L m 3 Preliminary e :DATA

wf- SEt : | : Signal

- cosOy . Bkg with 10

. Bkg without 10

: 3 . External bkg

'ITO momentum

0 angle

: Prellmlnary

Entries

I Prellmlnary

aof—

£ COSOTM

058 208 204 02 0 0 0 06 0.8

x2 /| DOF: 292.2 / 64 (before fit) —> 78.8/61 (after fit)
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CC m° CROSS SECTION
e« CC 1Y absolute cross section

o(CC1%) = [5.6 + 1.9(stat) ] x 10-4° cm?4/nucleon
(Ev) = 893.3*93% Mev

Ev reconstruction

mi—mi—m§(+2mnEX
2(mn_EX+|pX|COS(9vX))

o(CCtmV): Data vs. MC
|__Neutrino CCx" X-section |

%10 |_Neutrino reconstructed energy | [ Entries 231|

E:eC: pXEpu+py1+py2

z E
€ 45F g T
s F * DATA £
5 o s )
— - — gna
o 3.5 NEUT - I Bkg wi =
T 35E N [1Bkg wio =°
SE 40— [ ]External bkg
25F 30—
B C Preliminary
- 20—
1.5 —
1E= 10
0.5F ! E
n_l PR T s s s o 1 | Sl
nE L i T T N [N TN TN TN TN NN SN SN NN M [ T T T [1] 500 1000 1500 2000 2500 3000 3500 4000
0 500 1000 1500 2000 2500 E. (MeV)

E iMaV)
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SUMMARY
s v CC coh-11;

* No evidence of CC coh-m
Vv NC-110:

* Cross section and 1m0 kinematics, MC agree with data
* Vv NC coh-110:

» Clear evidence of coh-1r, R-S model agrees with data

Vv CC coh-11: preliminary results

» (Cross section ratio ~20 away from zero

» Data hint that non-zero CC coh-1T events in very
forward region (than R-S model)

Vv CC-110: preliminary results

* Absolute cross section, working on syst. uncertainties  ,,
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v and v samples
v:CC- QE'

N

v(right sign)

V (wrong sign)

0.5 1 1.5 2 25 3
(GeV)

in MRD
stopped sample

\

D

- (

BG (EC/MRD events)
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- [
1-track (u) eveb

R |
o e

L G R O

Y

~90% V purity
v _CC-QE: 80%)

66666666666

(

7ooPreI|m|ngpy

SRR . a(
e

Ev (G&V)

1-track w/o activity sample

N

V (wrong sign)

nd
\g\gn V CC QE‘

2-track (U+p) event

~90% Vv purity
(v CC-QE: 75%)

fPreliminary [Enwes_re0

........

............
et e ot e e e

AAAAAAAAAAAA

CEY E(G@eV)
2-track QE-like sample



Number of events

IN coherent-tt sample
After fit

CC coh-ttsample =
MRD-stop, 2-trk, u+1t, w/o
vix activity non-QE, fwd-tt

Signal region = Q2 < 0.1 (GeV/c)?

100
sol In signal region:
60:_ Nobs — 139
;I kag — 964 + 55
40 + |
- ‘bﬂL Preliminary
V‘ =

b 005 01 015 02 025 03 035 04 045 05
Q2 (GeV/c)?
Q?2 (Ge\(7 C)Z
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Signal

Background |

: V+Vv CC coherent 1t

: v CC resonant

: V Other (DIS, EC/MRD, NC)
v CC QE

: Wrong-Sign

# of events (MC prediction)
e Vv CC coh-tt: 173.8 (44%)
e v (CCcoh-rm:314
o
o

-

Wrong-Sign + EC/MRD: 31.4 (8%)
v NC: 1.7 (0.4%)

v CC multir/DIS: 7.8 (2%)
e v CCQE:16.0 (40/0)

<
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| distribution: 1-trk sample

After fit
P L?lg‘k) e@ﬁHﬂq EV Q2

P, (1t E, (1track) (1track)
1200 - IEntries 7612 IEntries 7612 : IEmries 7612 2500 IEntries 7612
N 4-¢- 1400 . >
L B Iy » | = - .
1000 |- B 2 e///-)_? . 1200 G//,h . : g » G//,h
X | /na 000 /na 800 ® 4
800 [- 'a /J/ B
[ 800 600}
600 |- -
[ 600 i
! 4
400 F oop
[ 400
200 F 200k 200p
%02 04 06 08 1 12 14 % 10 20 30 40 50 60 70 80 90 %0204 0608 1 12 1.4 1.6 1.3
Pu (GeV/c) 8u (degree) Ev . (GeV)
o 2r O 2 o 2r O 2p
= s r S ¢t s
|<_f1.8_— |<_(18_— |<£1.8_— |<£18_—
< < E < < E
o6 0O1.6F O1.6F O1.6F
14F 1.4F ‘~‘ 1.4F 1.4F
12F 12F _I__I_ 12F | 12F _I_ +
1: 1-'!_ +_=_.++ | 1: | et J_ (| 1: —|—++|| . T
_ _|_—|—++ F A [ T e T [
08 0.8 0.8 0.8
06F + 0.6F 0.6F - 0.6F
0.4F 0.4F 0.4F 0.4F
02F 0.2F 0.2F 0.2F
O-...I...I T I P 0:....I....I....I....I....I....I....I....I.... 0:...I...I...I...I...I...I...I...I...I... : ........ TR P RPN TPV FYPYE PRV FOPE PO
002 04 06 08 1 12 14 0 10 20 30 40 50 60 70 80 90 0 0204 06 08 1 12 1.4 1.6 1.8 2 R R A TSR
Pu (GeV/c) 6u (degree) Ev,, (GeV) Q> (GeVicy

<1 v CC other

g

=] vNC

| v{wrong Sign)

BG (EC/MRD events)
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| distribution: p+p sample

2traH+p

100 |-

80

60

% P,
+4L

Entnes 531
//‘ ; i o

2 14
Pu (GeV/c)

. . DATAMC
N R N
I

After fit

O

IEntnes 531

""" 50 60 70 80 90
Ou (degree)

DATA/MC

—_ —_ -
0] QN

-
\S]

© o o
> o o o
S RARERELE

o

o
o
BN R

© o o ©°
N D O @

0..

02 04 06 08 1
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ool
1.2 14
Pu (GeV/c)

o

I
T

—_
TTT

0 10 20 30 40 50 60 70 80 90

Ou (degree)

a/‘y

90p

DATA/MC

- a

Ev

v (2track u+p)

+ IEmries 531

+Jr¢+ |

|

'JrJrJr-Jrﬂ-T -

0'...I...
0 0204 06 08 1

e I (wrong sign)

BG (EC/MRD events)

Ev,_ (GeV)

1214 16 1.8 2

100

DATA/MC
o o o - = -
A o 0 o do»

0.2F

QZ

2track u+p)

: 5 0.6 07 0.8 09

IEntries 531

(GeV/c)

o o N
T

0 01 02030405060708091

(GeV/c)
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P, (MRD stop 2trk, I: +7t w/ vix-edep)

60

50

0" 02 04 06 08

Entnes 350

#? pre/ "Ming

1.4

1.2
Pu (GeV/c)
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PR EPEETE BPEPET BT
0 02 04 06 08

1

T2 14
Pu (GeV/c)

Ay

Istribution: p+rtw/
vertex activity

B Alter fit

Ev

(MRD stop 2trk, u+m w/ vix-edep)

QL

@ (MRD stop 2trk, u+m w/ vtx-edep)

60

50

30

20

10

Prey o

Entnes 350

sof | pre /i = 120k p/’e [Enties_350]
ﬁ Minly, ok
’78/‘.]/ :: $ ++ ++ N, an, /Dal'y

ﬂ. '

% 10 20 30 40 50 60 80 90 05504 06 08 T 1514 16 18 2 00T 0203 04050637 08 o8
Ou (degree) Ev_ (GeV) Q2 (GeVicy
o 2 O 2F o 2
= 2 f =
|<_(1.8_— |<£18_— |<£18_—
< F 4 < < F
0O1.6F O1.6F O1.6F 1
1.4F 1.4F 14F
1.2F | l 12F _I. | 12F _L | 1
1: 1 1 | 1: 1 | | ! 0 1' |
T T ) T T
0.8E 08k 0.8E
0.6F + ‘I‘ 0.6F 'I' 0.6F
0.4F 0.4F 04F
0.2F 0.2F 0.2F
0-....I....I....I....I....I....I... Ll : T PP P TP PP PR PP T -....I....I ............ TP TP TPV PP PP

0 10 20 30 40 50 60 70 80 90

Ou (degree)

00 0.2 04 06 08 1 0 0.1 0.2 03 04 0.5 0.6 0.7 08 09 1
Q2 _(GeVicy

12 1.4 1.6 1.8 2
Ev,_ (GeV)

=5 vCCQE

v CC resonant &

e I (wrong sign)

BG (EC/MRD events)
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100

L distribution: y+ttw/o

vertex activity

P, (MRD stop 2trk,l+n w/o vix-edep)

I Entries 362

02 04 06 08 12 14
Pu (GeV/c)

02 04 06 08 1 12 14
Pu (GeV/c)
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After fit

w/o vix-edep)

Ev

100
sof

60

20 |

aofF %

10 20 30 40 50 60 70 80 90 0
Ou (degree)

E, (MRD stop 2trk, u+m w/o vix-edep)

100F

IEntnes 362

.. DATAMC
[ o N - - N )

© o o ©°
o M P O 0

0204 0608 1 12 1.4 1.6 1.8 2

IEmries 362

Ev__ (GeV)

0.6F

JPr++ ++1LHﬁ

0.4F

0.2F

10 20 30 40 50 60 70 80 90

%0204 0608 1
Ou (degree)

Lo
P
)«

o5

v CC QE

v CC resonant &

e I (wrong sign)

BG (EC/MRD events)

1214 1.6 18 2

Ev,_ (GeV)

i = _| v CC coherent &

250

200F

100

DATAMC
[ @ N

—_

0.6E

0.4
0.2

QL

Q2 (MRD stop 2trk, u+r w/o vtx-edep)

150F

- IEntries 362

0 0.1 02030405060708091

Q2 _(GeVicy
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| distribution: coh-tt sample
After fit

coh-tt sample = MRD-stop, 2-trk, u+1, w/o vix activity
non-QE, fwd-tt

Pu (MRD stop [trk, ”’I wlo edep, nQE, fwd)

0, (MRD stop 2iri, uIn wLo edep, nQE, fwd)

sof—
sof—
4of—
305—

10F

4
Pu (GeV/c)

Ou (degree)

H 1
+++++++++J( ++++H+ I |
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0 O.2l l l0.4l l l0.6l l l0.8l l l1 = l1.2l l1.4l

Pu (GeV/c)

0 10 20 30 40 50 60 70 80 90
Ou (degree)

605—
505—
305—
20F

10

E, (MRD stop Jlré, M+Medep, nQE, fwd)

02 0.4 06 08 1

12 1.4 1.6 1.8 2
Ev

(GeV)

rec.

|

b |

0

lCl).2“0.4 06 08 1 12 1.4l1.6 18 2
Ev

(GeV)

rec.

Q? (MRD stop Ztr;, w+m w/o edep, nQE, fwd)

180
160
140
120
100

0 0.1 02 06 07 0809 1
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O 2
§ -
<1.8F
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O1.6F

1.4F

I I I I
_|_
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|
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¥ M
0 0.1 0203 0.4 05 06 0.7 0.8 0.9 1
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