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*Using the NUMI beam from
Fermilab.

*Measure and understand the
background at the Near detector

(Fermilab).

*Search for V. signal at the Ear
detector, 735 km away (Soudan).

*Jf muon neutrinos oscillate into
electron neutrinos, we will see an
excess over the predicted background.

Fermilab
/ ]10 feres Soudan
735 km "1 on

long baseline—
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Measuring 013

(a=e,u,T)

012023013, CP phase
Am?; Am?s; 2 Majorana phases

e®sinf,,\ (cosB,, sinB,, 0\ (1 0 0
0 |°|-sinB, cosB,, O|*[0 e™* 0
s, 0 R o M A RSN
* Ak y |
iy Ve) — _81112(923) Sln2(2(913)l

x [sin2{1.27 Am2,L/E)]

Input parameters
from the v,

disappearance analysis

experimental -
pa_l"ameter S .

p Ignoring matter effects, CP violation and solar terms.
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Measuring 03

past, present and future
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0120,3 013, CP phase
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Posin,, 0  cosO, 0 QEENEHEIRO - D
CHOOZE sensitivity (90% CL)
10"
Best limit: Chooz > J
Future experiments: s ;
107
Nova, TZ2K, \ Am?2 = 0.0027¢V2
""-..\x
Double Chooz, N~
107 —
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e Ve appearance

v, CC iteraction: v,+ N — ¢ + X
* Main goal is separation between EM and
hadronic showers (Neutral Currents).

* Iypical EM shower characteristics

*steel thickness: 2.54cm ~1.44X

*strip width: 4.12cm
(Moliere rad ~3.7m)

T — * Typical oscillated nue event is contained
NC interaction v,+ N — v, + X within a small region: 8 planes x 4 strips

for a few GeV.
* Other background components:

»beam V,,
'high/y VM CC,

*oscillated V.

-
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Signal/B( 3G sepafatlon

?ﬁ : Ve appear ance sin2023=1.0, Am?#3,=0.0027 eV?

b s ® Candidates must contain a sin%(2013)=0.1 (below Chooz)

~ compact shower and exhibit
' characteristic EM profile. ANN PID at the FD o

<.
e
|:|- - e L
._,_'; I | I I I | I I I | I I I I I I I I I I I I

| —v,CC

[R]

[a——
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*» [ntense work has §one into

constructmg variables and pids
that dlstmgulsh between EM

and hadronic showers.

10

v. CC

1Ik,geam CC

r ]

Number of Events

* Several discriminatir;% techniques
have been tried to enhance mgnal/
background separation.

|
I
_

02 04 06 08 1 12
ANN PID

[a—
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» Cuts, Multivariate Discriminant

Analysis and ANN.
* Neural Net example shows: Signal ["Tot. bg | NC | V™™ | v, CC

» efficiency 30% 4x10°POT | 7.3 [ 146 | 98 | 2.0 | 1.5

* signall+/background: ~2 16:02°POT | 292 | 582 1390 | 81 | 61

at 4x10°°POT
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3 Ve appearance
1, *» Expected events from MC for 4x10°° POT
NC. 9.8 (67%) $in2023=1.0
CC 1.5 (10%) Am2,=0.0027 ¢V?
Beam Ve 2.0 (14%) sin?(2013)=0.1
Vi 1.3 (9%) | |

total bg 14.6 <}:{> 7.3 signal events

* Backgrounds will be estimated from data:

*Muon removal in CC events: estimating NC bg.

sBeam V,: fit pion and kaon spectrum in ND.

*Beam V.: measure V,, from H* = eVeVy in ND.
*Horn oft data in IND: disentang]e NCCC.*

*» Signal efficiency for DIS events: combine Muon removed CC
events with MC electrons. |

- Mayly Sanchez - Hatvard University 7 & 8 ~ DPF 2006 - October"30, 2006

A o o e L
b - A R Y | ‘I- il g




e

e ! n
=

T
s o

* Remove the muon track in a
selected Vi CC event and use

the rest as a fake INC event.

* W use events that pass our
Charged Current event selection,
i.e. that have a well defined
track.

. * W expect a Y95% purity in this
%, sample.
* Pulse height from the muon is

accounted for and it is
subtracted from shower hits.
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muon removal technique

U vs Z Event View
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T o . DNew Event
2 _..I..@..I....I..............
E 3is 4 4.5 5 55
z position (m)
& 75
o ETE g @
AR .
T 2 '.
Sl 3 *F g o muon track now removed |
Cl a g, :
- O a
% asE :
i
C 1) ; E
C o) 3
e = . Original ﬁ‘:
osf- 0 g I MR Strips 3 ?4
oF || New Event TR é
z position (m) s

-
Beam direction - - T ; '_i.j
E




Ll o
R

backgroun u'singﬂ' G .

_ﬁwm -__.Eﬂ,-:-- w Fr L L Wy )

£
ey

Esumatmg NC

= e L
=

muon removal technique

: ' | ; ; U vs Z Event View l
R e By appl),lng the PID selection ?55 - muon track to be removed
*  to these events, this techni&ue 16 gess. y
will verify/measure the N e o Tt
background using a data/MC Food oo
ratio of the MRCC events. sE ag I VR Stiips
| ’ ’ ' nf— DN Event
* Corrections need to be applied et
for CC selection efficiency, e |
oscillation in the FD and CC/ — .
g : rip vs. Plane, U view =
INC cross-section ratio. : m. |
: : : 24 " pulse height from muon 9., [
* Relies on the difference in e subimeisd i ifllevert || W
overall charge and multiplicity of L . o [
the hadronic system not na | - 1
changing the topology too much. o . [
* It can be applied to the Near i T .

and the Far data.
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‘Onstralnmg the V. f luX from Vi

meastrement
¢ True energy of vV atthe ND
b T o * Primary source of low energy
oo 11 — beam V, is: H* = e*V.Vy,
ol - s A meastiremeént of the low

This is what we are
trying to measure

(o))
o
T 1

energy V,, can be used as

No. of events
co
o

N :

so- another means to constrain the
20" Ve flux. .
v — L _15 20 évéf)é;,')éo"'éls"'zto""45""50 S \X/()I'k on a PID and i
| /Nov, from .+ above this energy (Ecu) understanding of these events in
| ! the IND is in progress. :
- *» The technique: PO i
: S

S T
1;‘

e

b ) = pide e mi K (0)dlne K0 . k.

* Estimating pion and kaon antineutrino flux can be done from different
techniques: horn off, beam f1ts etc.
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EStlmatmg background Uncertarmties

§- using horn oft data

.~ If we turn off the horns, the .,._,Tnﬂlﬁ ey of e v, A
- pions will not get oI A geor

the peak in the neutrino energy L o

- spectrum will disappear. geop ' o o

* Once we apply the Vv, selection faﬂ_ . )
cuts, we will get a NC/enrlched qu- Do
sample 5 1:;ﬁ bt

+» The measured flux of v, e 1?39‘“2’0
candidates with horns on and | f
horns off can expressed as:  Nyo Nee: NG, v, CC background with horn on 3

— will be calculated based on eqn. (1) and ( 2) i

N = Nyc + Nee + N, (1) |::> n

N =1y *Nye + Toc*Neetre*Ne - (2)

which can be solved to get the rycices=Naciecs™Naccos — from MC

INC and vy CC background.
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using horn oft data

Ao *» The advantage of this technique: it can separate different
.~ backgrounds arid estimate the uncertainty of each component.

* Using a MC simulation with: 8.0x10® POT horn off and
1.4x10"” POT horn on data; scaled to horn off data taken.

Non=1752.6 ON°on=16.2 ; Noff=681.0 dNoff =26.1

* W& measure:

fye = 0.532 1= 0.129 r,=0.192, ér/r =10%
* We input and
calculate: N,=199.2 8N, =39.8—assigna20% systematic error -

Expected background at ND for 2.73x10'8 POT
NC VIJ 29 Tot. bg.

T T A g 1
.%V-W‘wwwu:m

17526223256 |

background 1096.9+£159.7 456.5+164.4

error 14.6% 36.0% 13.3%

The optimistic scenario
| _

 DPF 2006 - October30, 2006 . . ¢
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Estlmatmg background uncertainties =

using horn oft data

*» The advantage of this technique: it can separate different
backgrounds and estimate the uncertainty of each component.

» For a MIC simulation with: 8. 0x10® POT horn off and
1.4x10Y POT horn on data.

Non=1752.6 ON°on=16.2 ; Noff=681.0 dNoff =26.1

* W& measure:

; P=10.532. r A0 100 re=t0190 5O/l 095
* W input and

calculate: No=d99.2 0 N, = 199.2 — assign a 100% systematic error
Expected background at ND for 2.73x108 POT
NC Ve CC Tot. bg
backgrouind 1096.9£162.5 456.5+232.8  1752.6:3468 1 Vo
error 14 8% 51 O% 19.8% L

NC uncertamty under control total bg error ranges f rom 13-20%

}fly San",e"_f/: ar ,ard Un1ver51t)) ﬁﬁ A e,




3 the Ve measurement
* As in the Charged Current analysis we will use the Near

Detector data to perform extrapolation between Near and Far.

S5

: _
| * We will use our knowledge of pion/ kaon decay kinematics
g and geometry of our beamline to predict the FD expected
L background rate from the measured ND background

components.

to far

0.43E.
S =
g JC &) S\ e biaaic 1+y°6°

>.ﬂ (+ \ 6:‘

soft) ” N 2
Decay Pipe ND ﬂux o 1 Yy
L\ 1+y’6’°

+ The v, background will instead be estimated from MC to be:
1.3£1.1(stat)£ 05Csyst) for 4x10?2°POT. |
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*We have a number of independent
techniques to evaluate the background

components for the Ve appearance
measurement.

*We will extrapolate these measurements

in order to predict the background rate

in the Far Detector.
*Expect 4x10°°POT next year!-'

g
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Svystematics for analysis
y y

* Normalization: =4 %

* POT counting, Near/Far selection efficiency

* Relative shower energy scale: £ 3%

» Inter-Detector calibration uncertainty

* Muon energy scale: 2%
*» Uncertainty in dE/dX in MC

* NC contamination of CC-like sample: & 30%

* From shape and normalization of ND PID distributions

* (CC cross-section uncertainties

* MACQEL) and Ma (RES): + 5%
* KNO RES/DIS scaling factor: + 20%

* [ntranuclear rescattering: = 10% shower energy scale
uncertainty

* Beam uncertainty: difference between fits and Weighted/

unweighted M

- Mayly Sanchez - Hatvard University 7 & 22 ~ DPF 2006 - October”30, 2006
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