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The Neutrino Matrix

OH THE FUTURE OF NEUTRING PHYBIC

http://www.aps.ora/policy/reports/multidivisional/neutrino/index.cfm

M.O. Wascko LNS Lunchtime

SciBunNE(l

1998-present: a decade
of discovery

® Neutrinos revealing
their true nature

We have new physics
guestions to answer

® They require more
precise measurements

® The path forward for
the field is clear
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°“  SciBooNE Overview

® New neutrino experiment
at Fermilab (E-954

e SciBar detector from K2K

e Booster Neutrino Beam at
Fermilab
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e Vv-C cross-sections i
around 1 GeV
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e Particle physics is
described by

® The Standard Model
e Matter: Fermions

® Force Carriers: Bosons

e Neutrinos are the lightest
leptons

e Massless in the
standard model

® |nteract only via weak
force
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e Particle physics is
described by

® The Standard Model
e Matter: Fermions

® Force Carriers: Bosons

e Neutrinos are the lightest
leptons

e Massless in the
standard model

® |nteract only via weak
force
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ELEMENTARY
PARTICLES

Leptons | Quarks
Foqrce Carriers

Three Generations of Matter

. rmilab
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VM VM
AL .
- e Neutrinos are created as
weak-flavor eigenstates
v e, uT
W w
; e Neutral Current
Aas
e Charged Current

e Reveal neutrino flavour
e Energy requirements

Feynman Diagrams
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u u

AL .

- e Neutrinos are created as

weak-flavor eigenstates

VM + PE T

i W e Neutral Current

W~

e Charged Current

e Reveal neutrino flavour
e Energy requirements

Feynman Diagrams
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100
* In the standard model, b
neutrinos are massless t b
GeV |-
e Direct mass searches —
. . . vT 5
yield can only limits Mevl - e L _u
e ve: tritium decay: m< 2.2 eV charged quarks
(Mainz) Aé& leptons
e v,: pion decay: m < 170 keV keV I~
(Assamagan et al., PRD 1996)
e v tau decay: m< 18.2 MeV eV lii
(Aleph, EPJ C2 395 1998) e
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v source v detector
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100
o |F:
. . A%
* Neutrinos have (different) mass W, 2
Weak states are a mixture of the mass states 0
- - — . - — - e
B cosb  smb v, . _—
Vu -sin@ cosH V2
_ A%
o] A U
-
v source v detector
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o |[F:

* Neutrinos have (different) mass W, 2
Weak states are a mixture of the mass states 0

: §)
- cosH sino v, . - vy

Vu -sin®  cos6 V2

* THEN:

A muon neutrino might be detected as an electron neutrino
 Why? Neutrinos propagate as mass eigenstates

_ \x
W
v source v detector
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P(v,— V) = sin® 261zsin2(1.27AmIZE)

'I‘_LI [T ]
‘::{ ]
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e 2 fundamental parameters

I].E:—
e Am? < period -
04—
e 0;; <= magnitude i
0.2 - (Vp_}ve)

e 2 experimental parameters 0

0.5 1 1.5 2 2.5 3

=]

e | = distance travelled
e E = neutrino energy

e (Choose L&E to target ranges
of Am? and 6

® Neutrinos disappear and
appear
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, L

27)

e 2 fundamental parameters

0.6

e Am? < period

0.4
e 0;; <= magnitude

0.2 (Vp_}ve)

e 2 experimental parameters

L=

1.5 2 2.5 3

=
P_
n
-

e | = distance travelled e . L
e E = neutrino energy oo
ganoo
® Choose L&E to target ranges =
of Am? and 6 8000
e Neutrinos disappear and .
appear 2000

0

0 025 05 075 1 125 15 17’5

(GBV)
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e 2 fundamental parameters ol .

e Am?2 <> period - :

e 05, <= magnitude M;_(VH Sv) _

e 2 experimental parameters

1.5 2 2.5 3

=
P_
n
-

e | = distance travelled

ratio

® E = neutrino energy TE

e (Choose L&E to target ranges : }[ }[H

of Am2 and 0 1' !
® Neutrinos disappear and - *
appear ! *
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<
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e 2 fundamental parameters

0.6

e Am? < period

0.4

e 0;; <= magnitude

e 2 experimental parameters

e L = distance travelled -
¢ E = neutrino energy . gigff%:eﬁgignausa
25 | — T:ta_l .BGe
e (Choose L&E to target ranges —— BG from v,+antiv,
of Am2 and 0 * m
15
® Neutrinos disappear and 10 *
appear 5+ ﬁ
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P(v,—V,) =sin 2201 sin*(1.27Am? E) . Recall
-
103 < sin” 29,,=2xP e | and E determine
S Am? sensitivity
102
e 0;, sensitivity
10 determined by
statistics,
: backgrounds, and
uncertainties
10
e No signal: exclusion
10 ° curve
e ' e Signal: allowed region
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flavour mass
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0 Uy Ug) (1 0 O\( C;3 0 813616\ (Chp S, O)
Ui=|U; U, Uz |[=[0 ¢y syl 0 1 O |'|-8, ¢, O

- 10
\—51361 0 013/\0 0 1

;»and s, =sin0,

|V1> = EUh‘Vi>

flavour mass

Us, Ua3) \O =Sy Oy

where C; = cosf
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{ Uel UeZ Ue3 \
Uli = Un Uiz U‘13
\ Us Uy Ug )
where ¢; = cos0,,
Multi-GeV e-like Multi-GeV p-like + PC
& 225 E ]
= = 500
© 200 ~ No oscillation
= 175 = 400
: 150 2
é 125 é 300
100
= = 200 e
Z 75 Z V“_)VI
50 100 oscillation
25
0 llllllilllllll'llll
. | -0.5 1] 0.5 1 Aa -0.5 1] 0.5 1
Up-going cos®  Down-going cosO
Super-K
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Ratio of Data / Prediction

[ Ci,
0

and s, = sin Hl.j

[SciBnuNEq

S, 0)
» ¢ 0
0 1

MINOS Preliminary

MINOS Data

Neutrino Oscillation Best Fit

.

e
NC subtracte

|
l
: l
1

20-30 GeV

130-50 GeV

..10...

.15. —

20

Reconstructed Neutrino Energy (GeV)

MINOS
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Cis
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— 5,5

;»and s, =sin0,

x 0 0 % @ W 0
Ly/E (km/MeV) L,=180km is used for KamLAND

KamLAND
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Sub dominant Oscillation [sseeg
u -

(U, U, Uz} (I 0 O C, Sp 0)
Ui=1U; U, Uz =10 ¢y sy S, €, 0
\Ual Us, U63) \O S Cn3 0 0 1/
where c¢; = cos0,, and S; -
solionplude slltin gt 10207 ZZT TR o
L [ GLOBAL 1
— | SK+K2K+MINOS |
08 Losie2; =01 Y i
= LI AmPy = 25 K 100 eV ()]
< V71 sieEw,-0825 — Il
Y AEy = 3.2 ¥ 107 e\2 o
0.5 =
g 0.4 _T_{;ETFSETG < . SOL+KAM _
Vol ne,l-:r e 0 1o 10-3 [ I-TCHOIOZI b | | -
detector I-]_aseline (o) 10_2 10_1 Sin2613
Causes ve disappearance in reactors and ve
. appearance in ggcelerator experiments
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u —

/Uel Ue2 Ue3 \ / 1 O O \ ( C13 O C
Ui={U; U, U; 0 cp syl J 1 O |'|=s2 ¢, 0
s Ug U63) \O =Sy Oy \_ Sl3 Ci3 / \ 0 0 1/

10)

[ C, S, 0)

where ¢; = cos0,, and s, =sinb,

CP violating phase 6 might cause
P(vu—ve)=P(vu—ve)
This is really hard to measure

Might explain matter/antimatter
asymmetry
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e Sub dominant Oscillation [sseeg
u i

U, Uy (1 0 0y ¢ 0%&e®)ic, s, 0

(U

el
Ui=|U; U, U;z|[=[0 ¢y sy ! 1 O |'|-8, ¢, O
\Ual Ug U63) \O =Sy Oy \_ Sl3 Ci3 / \ 0 0 1/

where ¢, = COS 0.. and S = sin 81.].
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In vacuum:

P(vu(7) — ve(Pe)) = sin? 20135in%0235in? Az;  Atmospheric

+ sin 2013 COs 13 sin 26053 sin 2012 X Interference —
sin Agq Sin Anq cos(Aso + §) CP effects
+ sin? 2015 cos2 O3 COS2 013 5IN? Anq Solar

where A;; = 1.27Am%(eV2)L(km)/E(GeV)

and the CP violating term 10 has opposite signs for v, I/
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In vacuum:
P(vu(7,) — ve(Te)) ~ sin?2013sin?03sin? A3, Atmospheric
+ sin 2013 COs 13 sin 26053 sin 2012 X Interference —
sin Agq Sin Anq cos(Aso + §) CP effects
+ sin? 2015 cos2 O3 COS2 013 5IN? Anq Solar

where A;; = 1.27Am%(eV2)L(km)/E(GeV)

and the CP violating term +0 has opposite signs for v, I/

Bottom Line: Need high precision measurements
of everything to extract the value of 9.
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“Joint Study Recommendation

WE RECOMMEND, AS A HIGH PRIORITY, A COMPREHENSIVE U.S.
PROGRAM TO COMPLETE OUR UNDERSTANDING OF NEUTRINO MIXING,

TO DETERMINE THE CHARACTER OF THE NEUTRINO MASS SPECTRUM

AND TO SEARCH FOR CP VIOLATION AMONG NEUTRINOS.

http://www.aps.ora/policy/reports/multidivisional/neutrino/index.cfm

page Ii
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Mass (eV)

My =0

m,, =0

m\/e=0

M.O. Wascko

“Exploring the New Paradig

V3

In the Standard Model...

\%

A%
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flavour key:
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“Exploring the New Paradig

Mass (eV)

0.058

0.009

e

atmospheric
solar V2
V1
k
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“Exploring the New Paradign‘gm =

Which way does it go?

Mass (eV) 5 Mass (eV) 5
Y%
0.050 | e— solar 2 0.058 | = V3
0.049 V1
atmospheric
atmospheric
0.00 | mummm \%
k &
flavour key:

Ve
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e Strategy:
o IsB43=07?
® |s 023 =45°7
e Mass hierarchy?
e CP violation?7?

® Requires precise
answers to the above

M.O. Wascko

Mass (eV) 4
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“Exploring the New Paradig

0.058

0.009

atmospheric

]
solar

k

flavour key:
Ve

e
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“Exploring the New Paradign‘gm =

Mass (eV) 4

e Strategy: 0.058 |mm V3
e [sO13=07

® |s 023 =457
e Mass hierarchy?

e CP violation??? 0.009 | smmmm V2

® Requires precise 0 Solar AV
answers to the above I?

atmospheric

® Need reactor and J
accelerator experiments

flavour key:
Ve

14
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e (oals: precise 0623 —
measurement & search for 013 {ﬁt’“‘ '

e Start with world’s largest ’ u ””'UM

detector: Super-Kamiokande

e Build new neutrino beam

. /
e Off-axis beam to Super-K T no? hicowa
e L=295km '1§°°°°
e E=0.7GeV §m
%
® Near detector at 280m to 6000

constrain beam flux

4000

e Beam will start running in
April 2009

e Expect 5E21 POT in 5 years Fowh

M.O. Wascko LNS Lunchtime 15
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%444

Goals: precise 023
measurement & search for 943

Start with world’s largest
detector: Super-Kamiokande

Build new neutrino beam

: ﬁ;H;” e

Off-axis beam to Super-K Ty et R
e Ichikawa N &
o | =295km .?W" _ ) : £y e~
"3 .
e E=0.7GeV .: %ﬁm
Near detector at 280mto = wo -
constrain beam flux . .
% 4000 _ >

. . . \g . L4
Bea_m will start running in "’3‘"’" : ’..'
April 2009 ey .

) 2 S R RPN i
0 O3F 05 o0gs g k8 PE 15 0

Expect 5E21 POT in 5 years
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12K

Goals: precise 0623 —
measurement & search for 013 {ﬁt’“‘ '

Start with world’s largest ’ u ””'UM

detector: Super-Kamiokande
Build new neutrino beam

Off-axis beam to Super-K
e L =295km
e E=0.7GeV

;
\ I |
| | Downstream
| ECAL

Solenoid Coil

Near detector at 280m to
constrain beam flux

Beam will start running in
April 2009

Expect 5E21 POT in 5 years

Barrel ECAL

15
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100 years of living science

Strategy of accelerator v experiments

Gigantic detector

protons

—_—

M.O. Wascko LNS Lunchtime
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7T, 7T, T, T, K

protons

—>
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7T, 7T, T, T, K

protons = __TN ..
—_— @ ..........................

HARP
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protons = __ R .
__) ..........................
Xa

D
@D

V)

o (E)

o(v,N = wX)/E(GeV) (107® em?GeV
° ° ° ° -

a(v,N—> wX)/E(GeV) (107 cm’Ge!
° o o o

M.O. Wascko LNS Lunchtime 17
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a(y,N—> wX)/E(GeV) (107 cm’Ge!
Q o =4 2
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(N —> wX)/E(GeV) (107 em®GeV
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o0 Off-Axis Beam

e Use kinematics of
pion decay to tune

the neutrino energy

® Flux peak at target
energy for desired
value of L/E

7 (MpPy)

® L is often constrained by

geographic
considerations...

Near Detector

TargetHorns Decay Pipe e

Far Detector.

M.O. Wascko

LNS Lunchtime
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e Use kinematics of
pion decay to tune
the neutrino energy

® Flux peak at target
energy for desired
value of L/E

® L is often constrained by
geographic
considerations...

100 Off-Axis Beam

g,

3

Far Detector.

Near Detector

TargetHorns Decay Pipe e

M.O. Wascko
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o0 Off-Axis Beam

figure courtesy M. Messier
Medlurn Energy NuMI Beam T une

e Use kinematics of

=~ N ]

: v _ rat L= S'H}km “" *e i
pion decay to tune o 30 P es for e N
the neutrino energy E 25 | R O

& : ) L_I: . -

e Flux peak at target 8 20 ¢ I *
- - e « 0 's I

energy for desired @ 15 S . _ 131m:jgg =
= - - . mra =

value of L/E 5 10 L i Sy mrad

] N L i

e Lisoften constrained by @ e b E
geographic O B .
considerations... > 0 D byl —
0 25 5 7.5 10

Far Detector. Il'."lj}:ll' Ff '““‘“H.E_%_EE,_, (GeV)

Near Detector Y B —
Tt 0 uming Am?=2.5x1073eV?
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v Cross-sections

CC/NC B G.P. Zeller
quasi-elastic v '
scattering (QE) “\ / w-,e"
42% /1 16% .
\/ /l\p

=k

':::-
o
S
£
O
.
20 c o8
P !
—— p —
\ %
O 0.6
L
e
CC/NC (@)
resonance '3 0.4
production (Irt) vy w
25% / 1% \/ 7
l P
vu\ vu iW* - 5 0.2
n I o
. — n
' 20 0 0
p.n — 10
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v Cross-sections

CC/NC B G.P. Zeller
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v Cross-sections

CC/NC B G.P. Zeller
quasi-elastic v '
scattering (QE) “\ / w-,e"
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L
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CC/NC G.P. Zeller
quasi-elastic v } ~—0.45 ¢ '
scattering (QE) M\ / w.em o
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100

Non-QE interactions and E_

Reconstruction

B

f:,”hTwue Energy

8

—
[}
a

—
[=]
(=]

L]
=
2
L
L
2
E
=]
=

=}
a

Reconstructed
Energy

Number of Events

L= TITI I T I T T T

True - Reconstructed Energy

C. Walter, NulntO7
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%> Need for o, Measurements

vu\/ w,e-
W mtt
n S
n

e CC1x* events can
create bias in
oscillation parameter
extraction

sin® 20 error

e Must reduce

uncertainty in
o(CC1x*) from 20% to

5%

M.O. Wascko
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E)(sm2

I, &, TR R e
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1 0 | I | | | | I
1 2 3 4

Am? (x1 0° eV‘?}
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stat. only
O(NQE/QE)= 5%
6(nQE/QE)=20%

2 3 4
Am? (x1 0 eVE}
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Imperial College

°Gearch for 813° Ve appearancg' —

e Subdominant oscillation

sin%20,e ~ sin%023°sin%2013

Need good measurement of 023 35/ | Expected Signal+86
sin”20,,=0.10
. 30 pE e
e Major background from NCx® e

—— BG from vp+antivp

events % 1 }

20
® v rings mimic e rings in Super-K s }

e Must reduce uncertainty on NCn® 10 ﬂ
cross section 5 + +

0 1.|_._.|'I1

0 05 1 15 2 25 3 35 4 45 5
Reconstructed Ev(GeV)
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°° Need for o, Measurements

SciBunNE(l

3 K. Hiraide Z0 TEO
E i | | | p,N R
= p.N
A - stat. only
D | - 3BG=10% |
. ¢ \Want to reduce uncertainty
~ in o(NCn®) from 20% to
10%
102 i
® improvement of factor of
2 in ultimate T2K
sensitivity to 913

1 2 3 4 3 , A
Exposure /(22.5kt x yr) ¢ or .52years VS. 4 years
to 10

M.O. Wascko LNS Lunchtime 23
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“Joint Study Recommendations

The Neutrino Matrix

« NEW HIGH-PRECISION CROSS-SECTION EXPERIMENTS SHOULD BE

UNDERTAKEN.

cel some of the uncertainty in cross sections, the bette

more precise solution is to actually 1 ure the cross sections

better than Currenrl}' known once and for all! We encourace

or
b

at the experiments necessary for this be carried out.

M.O. Wascko LNS Lunchtime 24
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London t00yearsaf i

100 Enter SciBooNE

SciBnnNE(]

~ "l e Good match to T2K flux
o T2K
© e Booster Neutrino Beam
2 already well understood
o
a
[
'Té SciBooNE * (HARP data)
é e Similar flux shape to
— MiniBooNE
3 |
L e ] e Antineutrino mode too
0 1 2 3
Ev (GeV)

M.O. Wascko LNS Lunchtime 25
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London 100 years of living science SCi B D D N E

°“  SciBooNE Overview

® New neutrino experiment
at Fermilab (E-954

e SciBar detector from K2K

e Booster Neutrino Beam at
Fermilab

[ | w
g o — R

e Vv-C cross-sections i
around 1 GeV
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100 years of living science

100

ciBooNE Overview

LNS Lunchtime

SciBooNE
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100 years of living science

100

SciBooNE
ciBooNE Overview
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100 years of living science

100

SciBooNE
ciBooNE Overview
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SciBooNE
100

ciBooNE Overview

iz 3

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|II||IIIIIIIIIIIII=

[111]
[LTUTHTTHTT T o

LLLLLLLLLLLLLALE LR R 1
LT T T
LTI DL E LTS
THTHTRR G !
IlIIlIIlIIlllllllllllIlIIIIIIIIIIIIIIIlIllIIlIllIllIIlIIM
IllIlllllllllllllllllllllIllllllllllllllllllllllllllllllll:%:::,:

0

Y
B 4

wuog
St

LNS Lunchtime

26



Imperial College
London

100 years of living science
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SciBooNE Overview
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100 years of living science

100

ciBooNE O
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s o living science

Neutrino Flux

e Use external data for
meson flux predictions

n* Production Cross Section from HARP Py ,,,=8.9GeV

- — — | ] -
TR }
- T I_ =1 0.+=45 mrad F
L ~ R W
[ N I e -
TN I IR,
. T N
PP PR | P - T Ly 0
L l_ T T T T | b L B | T T T ]

sitrsr P 1 e HARP data for pions

—————+ '?'u"fﬁ' ® Feyn man Scaling

~i{' 0.+=135 mrad

model for kaons

{e GEANT4 simulation of

R+ X

.';’._:Is .

S
| i e

——————— | ,,..',”f‘"“.ﬂ*!‘"::::"""""-'-‘7:-;?:‘.;“.“*“-*:'“.“‘
2 L T op=165mrad § . 0,+=195 mrad
s 5 ‘
s A, I
o I

T neutrino decay volume

S i e vandv fluxes

M.O. Wascko

3
p.+(GeV/ic)

4

5

py+(GeVic) o Same as MIHIBOONE
beam simulation

LNS Lunchtime 27



Imperial College

London ] SciBooNE
o Neutrino Flux ==

e Use external data for
— all meson flux predictions

=1 T T TTTT11

o
=

e HARP data for pions

S
o

e Feynman scaling
model for kaons

= — —_——rr
L

-11

Flux (cm2 * pot * 25 MeV)™
o

e GEANT4 simulation of
neutrino decay volume

T 'lllll'lll'

-12
10

LI

e v and v fluxes

|
0 0.5 1 15 2 2.5 3
E, (GeV)

-13
10

e Same as MiniBooNE
beam simulation

M.O. Wascko LNS Lunchtime 27



Imperial College

London — ] SciBooNE
o Neutrino Flux ==

e Use external data for
meson flux predictions

—
=
| I T TTTT0

e HARP data for pions

[a—
o

e Feynman scaling
model for kaons

[]
[
e

Flux (cm2 * pot * 25 MeV)™!
o

e GEANT4 simulation of

Bp) neutrino decay volume

10

e v and v fluxes

10-]3||||||||||| R A B B
0 0.5 1 | 2 2.5 3

E, (GeV)

e Same as MiniBooNE
beam simulation

M.O. Wascko LNS Lunchtime 27
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Event rates

CCQE 39k
NCE 17k
CC1lx* 24k
CCnr ok
NC1n® 9k
Misc 2.1k
NCcohrn 0.8k
CCcohrt 1.2k?

M.O. Wascko

LNS Lunchtime

{SciBnuNEé]
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Event rates

CCQE 39k
NCE 17k
CC1lx* 24k
CCnr ok
NC1x® 9k

Misc 2.1k
NCcohrn 0.8k
CCcohrt 1.2k?

M.O. Wascko

LNS Lunchtime

{SciBnuNE(]

e Neutrino mode
o 120 POT

e Also expect ~800 ve
events

28
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Event rates

CCQE 7.5k
NCE 3k
CC1lm 2K
CCnr 0.5k
NC1x® 1.3k
Misc 1K
NCcohrn 0.3k
CCcohmn 0.5k?

M.O. Wascko

LNS Lunchtime

[SciBnuNEq

e Neutrino mode
o 120 POT

e Also expect ~800 ve
events

e Antineutrino mode

e 1e20 POT

e Also expect 8k v,
events

28
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““  SciBooNE Detectors

SciBar | Muon Range
(Scintillator Bar Detector (MRD

Electron
Catcher (EC)

y

N

M.O. Wascko LNS Lunchtime 29



Fopetam % e _ SciBooNE
o SciBar Detector sontig

e Fine-grained neutrino

vertex detector Extruded .Jj

scintillator

(| 5t)\

e Extruded plastic
scintillator with WLS

fibres

e 64 channel MAPMTs

e ~15k channels

e 15t total mass

e Originally used in K2K
experiment in Japan

M.O. Wascko LNS Lunchtime 30
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SciBar

® Energy deposit from

charged particles confined
to individual cells

e (Clear identification of

M.O. Wascko

Interaction process

e Use dE/dx for particle ID

® Red circles = single
anode ADC

® Boxes = 32 anodes into
one TDC

-0

-1001

-150[,

LNS Lunchtime

ciBooNE
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ciBooNE

SciBar

® Energy deposit from
charged particles confined
to individual cells

e (lear identification of
Interaction process

e Use dE/dx for particle ID
e Red circles = single
anode ADC

® Boxes = 32 anodes
one TDC |

.50

‘1001

-150[,

M.O. Wascko LNS Lunchtime



Imperial College .
tondon e ez ]OO SciBooN El

M.O. Wascko LNS Lunchtime



Imperial College

London e ] SciBooNE
o Wrong-Sign BGs :

1500 —————————————— 80 ————T—————T———
1250 E 1track - j 2track QE |
- =3 ccQE | ©0 [ . (A8, cut) i
1000 | R CCAn | -
N i CC-coh.m 3
750 | =] CC-multi 7i
- 1 -
500 | [ v BG
250 | .
ﬂ B ]
0 1 2 3

rec. Ev (GeV) rec. Ev (GeV)
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Imperial College
London

0 years of living science

e [ightyield for minimum
lonizing particle:

o ~20p.e/1.3cm@
30cm from PMT

e Hit finding efficiency:
® Horizontal plane: 99.9%
e \ertical plane: 99.8%
® dead channels:
® 4/14336 in nubar run
e 1/14336 now

M.O. Wascko

Basic SciBar Performance

SciBnnNE(]

| Bl I'I'I_I'l".n"[iﬂ"ﬂ‘l}ﬂ] | sum,_ha[10030]

Eilriea 14505

a0 Flarin FrE2
A ki 1151

0 JJ_

a0 - 11

a0n r

400 |

300 JJ

300 .

|
100 |J 1""-'.,
o - g
IS o I = —1 — = "!—I' = -L'q.-‘-l_-l_l_'l-'__—.l__.l_h_l_-.
l;!I!I 10 A A L) & T & &b 160
p.e.
n B, 10255 2
|_num of p.e. run010259 | S E—

Mean .72
AMS in

Mean p.e. values for
all channels

LNS Lunchtime
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> Electron Catcher (EC)

® “Spaghetti” calorimeter

SciBnnNE(]

e Scintillating fibres
sandwiched in lead foils

e PMT readout at both
ends

® good energy resolution and
linearity

e 11 Xo thick

e Qriginally built for
CHORUS: used in K2K

LNS Lunchtime 36
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Imperial College
London wyesetivingsciene
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SciBooNE’s first cosmic data

M.O. Wascko LNS Lunchtime
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Ertriee 1275
M .

g 8 8§ 8 £ 2

=k

o/
= L R p—
dE/dX distribution for verti¢al
plane from cosmic ray muons'
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London :

600 700
(cm)

K. Hiraide Final z position

M.O. Wascko

“Muon Range Detector(MRD

SciBooNE ]

E.Villegas

® |ron plates (5cm) with
scintillation counters

® Measure up to 1.2 GeV
muons

e ~10% momentum

-0 0.5 1

resolution

® Recycled from past FNAL
experiments

(GeV/c)
Muon momentum ’

LNS Lunchtime
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-0 MRD Cosmic Data =%

=
5
‘]

-150— -150

100 120 140 160 180 200 220 240 260 280 300 100 120 140 160 180 200 220 240 260 280 300
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London 100 years of ingscence

100 MRD Cosmic Data —

View:1, Layer:3, Side:0 Mean Efficiency = 99.44%

—

Efficiency

F"&m-"?:‘-‘_—' o o § i W —ya 3 =
Tie I.l ; " r L

o
o

Dl I-- J- ."—l'-\'-"-.:i-r-I e i h-—-. - _.F-_..,-'_'_'_F.;-H L e '":‘1‘- 5 h llhhf‘u“—'h =

100 50 0 50 100
Track Position {cm)

Mean efficiency: mean of |Y| < 100 cm
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> SciBooNE Timeline

SciBnnNE(]

2005, Summer - Collaboration formed
2005, Dec - Proposal

20006, Jul - Detectors move to FNAL
20006, Sep - Groundbreaking

2006, Nov - EC Assembly Two years from

2007, Feb - SciBar Assembly formation to first data!
2007, Mar - MRD Assembly

2007, Mar - Cosmic Ray Data
2007, Apr - Detector Installation
2007, May - Commissioning
2007, Jun - Antineutrino Data Run
2007, Oct - Neutrino Data Run

M.O. Wascko LNS Lunchtime 42
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London oyears fingsciee SCi B 00 N E
66 SdooNeg

SciBar event rate

= 30r MRD Event Rate (normalized by POT)
© r =
a T Qas——] . = |
© 25 o | '
¥ F . —t § 40
>y 20 235
=
g 151 “osE
O .
1ok - 19t fiducial mass
N : : 15E ..
- 10t fiducial mass JoF Prehmmary
5 -
- Prelim inar‘y 51 (Last week data in process)
. | | | | - | | |
0 Oct.20 Oct 27 Nov.03 Nov.10 Nov.17 0 Oct:20 Oct27 Nov.03 Nov.10
Week Week
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London

e Started beam runin

0 years of living science

Data Progress

SciBnnNE(]

Accumulated POT

antineutrino mode

e (Collected 0.54e20 POT

N W b O
II|IIIIIIII|II

Y

o ~25% of total request

o

Protons on target (x1E19)

e Switched to neutrino mode

M.O. Wascko

= Delivered

For analysis

|
Jun o5un o Ju 167Un 25 o 30 Ju 07 ?4“*"" 21 258ug o,

Date in 2007

during accelerator o4or
shutdown =
S-91

e Collected 0.42e20 POT gz i
so far s b

e Expect to switch back to 1“:’:
neutrino mode in ~March _ |

0:

LNS Lunchtime

— Delivered
----- For analysis

Oct.13 Oct.20 Oct.27 Nov.03 Nov.10 Nov.17 Nov.24 Dec.01

Date
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100

v Event Timing w.r.t Beam

Clear bunch structure

Charged current event cf. - Bunches are 19 ns apart.
candidates in MRD - 84 bunches in a spill (1.6us)

MRD track timing (fwtime track)

N

£ i - ¢ -
50 100 150 200 250 309 _
cm ‘
I

2

| I 1 1
DU 0.02 0.04 006 QOB 041 042 044 046 018

usec

NOTE: Timing corrections (TOF, light propagation) are not applied yet.

H.-K Tanaka (Columbia) FNAL AEM 2007/11/26
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Conelusion k=N
Introduction

Useful and important
measurements of v, & v,

cross-sections on carbon near
1 GeV

In the midst of our 2e20 POT
data run

First physics results next
summer

More information:
http://www-sciboone.fnal.gov
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