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What's SciBooNE?

* Neutrino experiment at Fermilab (E954)

 Precision measurement of v and v-nucleus
cross section around 1GeV.
— Important for T2K and other oscillation experiment.

SciBooNE




SciBooNE Collaboration

*Universitat Autonoma de Barcelona
*University of Cincinnati
*University of Colorado, Boulder

*Columbia University ( . )
Fermi National Accelerator Laboratory SciBooNE
*High Energy Accelerator Research

Organization (KEK) S g

5 countries 17 institutions

Indiana University
*Institute for Cosmic Ray Research (ICRR)E¥=
*Kyoto University Vi
*Los Alamos National Laboratory
Louisiana State University

*Purdue University Calumet
*Universita degli Studi di Roma "La
Sapienza"

*Saint Mary's University of Minnesota
*Tokyo Institute of Technology
*Unversidad de Valencia

Spokespeople:
M.O. Wascko (Imperial), T. Nakaya (Kyoto)



SciBooNE on the front line...
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Introduction



Neutrino Oscillations 1998~

SuperKAMI N

Viva Y3 | Neutrino masses (Am,,?, Am,;?)
Mixing Angles (0,,, 6,,)
Am223
Am212 ‘ «‘“ 1’.~ ; | . ‘

Main
Injector
Neutring
Oscillation
Search




Next step...
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* Discover the last oscillation channel
- 043
+ CP violation in the lepton sector((v,v))
- 0
* Mass hierarchy
— The sign of Am,,?
» Test of the standard v oscillation scenario (Uy\s)
— Precise measurements of v oscillations (+tAm,;?, 6,,)



CcP

c; = COS Bij

S; = sin Gij

== I/ €y OG,e'}} .A
=~ | After the discovery, v oscillation studie
= )/ have come to a parameter measurement

* Discover the last oscillation channel
- 043
+ CP violation in the lepton sector((v,v))
- 0
* Mass hierarchy
— The sign of Am,,?
» Test of the standard v oscillation scenario (Uy\s)
— Precise measurements of v oscillations (xtAm,;?, 6,,)



Strategy of accelerator v oscillation

experiments _—
Intense beam Gigantic detector
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Strategy of accelerator v oscillation

experiments _—
Intense beam Gigantic detector
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v cross sections are important for

Hadro>a extracting oscillation parameters
from vy, disappearance v,

appearance experiments.
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Impact of v cross section

Signal v, disappearance
= ALLCHAN 1223 el =N measurement error
£100 v SC-QE (90%CL)
= T2K U SN S T
N s -1
s " vievents W B 6(5'"29)‘
. w/ oscl. 1 p|lx FENTEEEE
Q2 (1 ring w-like) @ 2— ----------------- -------------- |
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: v,non-QE 1~
0 b 5 ~" | i —"————
Evrec (Gev) W+ n+ 1 0 L | I — I | 1 l | | —
1 2 3 4
. p ’”N<P Am® (x10™° eV?)
—Signal: — stat. only
(v+n—u+p; Energy Reconstruction from u kin.) — d(non-QE/QE)= 5%
_, —Background: non-QE; Mainly CC-1zx* — 8(non-QE/QE)=20%
V+N—u+m1+N") T2K requires 5% level
v oscillation measurement requires knowledge on nonQE/QE

precise knowledge on background.



Impact of v cross section
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Signal

v, CC-QE ;-

W+
n/\p

—Signal:

1 15 2
Ev® (GeV)

V+N—u+m+N’)
v oscillation measurement requires
precise knowledge on background.

Background
non-QE [~

A" NP

(v+n—u+p; Energy Reconstruction from w kin.)
_, —Background: non-QE; Mainly CC-1sx*

CC-1x* cross section

pop ) (107 em?)
: 3
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NC Resonant Single Pion Production
0.25

© 0.225
m E.A. Howker Gargamell

Other v/v interactions © - (=i
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s V- CC interactions

— No measurement below 1GeV 2 0s
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SciBooNE Experiment




SciBooNE Experiment

(K2K-SciBar detector at FNAL Booster Neutrlno Beam line)

SR «m‘u’e?a«* @iz—« 5

Booster v beamline

________________________________________ TN

. < % nf
] 5 LS 5
i R BT NS _ e =8y oy R Bt = Y Y B SRS TN v

100 m
* Precision measurement of v & v-bar cross

sections at ~1GeV. Gl
© | T2K
a1
— Originally K2K-near detector T |
— Shipped to FNAL 2 | SciBooNE
— SciBar = active target && fine grained tracking £ | KK
detector § "
— Ev good match to T2K - 1 2

— Quick & high stat. measurement (SciBooNE
results before T2K starts)

— v and v beam
« MoniBooNE near detector



Booster Neutrino Beam
(BNB)



FNAL Booster Neutrino Beam (BNB)

. | .8 GeV protons from Booster
-

* Protons hit beryllium target
(71 cm long, 1 cm diameter)
within a magnetic focusing horn
and produce mesons

* The mesons decay into
neutrinos in 50m decay regio

* Neutrinos are observed in

SciBooNE (100m) and
MiniBooNE (541m)

Magnetic
focusing horm
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Neutrino Beam Specification

v Flux

Intensity

SciBooNE location)

Protons On Target :
(MiniBooNE) i, _~
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* Intense v beam.

« 1E21 POT/5 years (2002~)
(~2E20/year)

Y SRR ISP ISRV v 11 P SR * v mode too
1 2 3 4 5
Ev (GeV)
LMC
_ e {
145 e |
Booster | [ St ) | ——
2 Tt ¥ o |
Magnetic Decay
focusing horn region Absorber




SciBooNE Projected POT
# of expected v/v events

~1 year run = 2x10%0 POT

Neutrino run (~1x102° POT)
cf. K2K-SciBar (0.2x10% POT): ~25,000 v,

a # of interactions h

in Fiducial Volume
v, ~156,000
\ Ve 1,400 /

Anti-neutrino run (~1x10%°0 POT)

cf. K2ZK-SciBar: no measurement

(# of interactions in FV)
v, ~27,000

. v,~15,000




SciBooNE Detectors



BNB + SciBooNE detector

Booster Neutriho Beamline

40 ft

| MiniBooNE.

D




SciBooNE Detectors

SciBar Muon Range
)

« SciBar Detector

— Fully active neutrino target
— Tracking
— Shipped from KEK, Japan

— Electron identification (for v, n°)
— Used CHORUS and K2K

— Charged by lItaly group

— Shipped from KEK, Japan

— Muon identification ;
— Momentum measurement lectron Catcher

— Newly built at FNAL (EC)



=>High track finding efficiency (>99%)
=>» Clear identification of v interaction progéss

Scintillators are the neutrino target
Total 15 tons, Fiducial volume: ~10 tons

SciBar Detecto
2.5x 1.3 x 300 cm?® cell
|dentify short tracks (>8cm)

Extruded scintillators with WLS fiber readout n..
~15000 channels
Distinguish a proton from a pion by dE/dx

(64 channels)

Wave-Length
Shifting fiber

I

H“' i
s

I ”I“I x 5 . ‘\ /(@

i'
35,
s

||||||| #
33

1.7m
\i

Multi-Anode PMT




SciBar calibration

* Two sources:
LED and
cosmic rays

« Taken
between
beams

LED event dlsplay Cosmic ray

@®: SciBar hit, areaxcharge
Box: TDC hits (32ch OR-ed)



Basic Performance of
SciBar Detector

sum_h2[10000] |

 Light yield for MIP

(average over all channels)

 Hit finding efficiency
(cosmic)
— Horizontal plane:
— Vertical plane

sum_h2[10000]

Entries 14593
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# of p.e. distribution
in a typical channel

Mean 27.52
RMS 11.61

20 gciBooNE P&

[ num of p.e. run010259 | Cosmic data S 2 S
M 2172
414

,,,,,

'[H Mean p.e. values
i for all channels

! | PP PR
0 80 90 100

D.€.



Electron Catcher (EC) g

~EM Calorimeter~

Electron / gamma ID

“Spaghetti’ calorimeter
re-used from CHORUS

1mm diameter fibers in the
grooves of lead foils

4x4cm? cell read out from
both ends

2 planes (11X,)

Horizontal: 32 modules
Vertical : 32 modules

Total 256 readout channels
Expected resolution 14%// E

oo,
)
i
' X

m Readout Cell



EC Cosmic Data

Cosmic ray

dE/dx distribution for

4500

3500
3000
2500
2000
1500
1000

500

Ccos

ray m uons Entries 94495

Mean 106.5
RMS 39.38

dep. ~100MeV
EC for MIP

B P

0

50 180 150 260 Mev™ "

SciBooNE
cosmic data



Muon Range Detector (MRD)

A new detector built with the used
scintillators, iron plates and PMTs

to measure the muon momentum
up to 1.2 GeV/c.

lron Plate
e 305x274x5cm3
 Total 12 layers
Scintillator Plane

* Alternating horizontal and vertical’
planes
 Total 362 channels

L JIEEETTER



MRD Cosmic Data

Y View View:1, Layer:3, Side:0 Mean Efficiency = 99.34%
- \. I : "..... : w .
oo G AT ') '
: ‘ ‘ L ‘ nars |
|
LI 0.6 i _ |
L K . . . . .
o - Hit finding efficiency~99%
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v and VvV CCQE event candidates

0 vn=pw R R BB LR — .
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NC-n® event candidate

v+p—v+p+rd
Side view Top view
150f 150(
i [Z=] i
I B i :
100( FE 100[ SiE
i %Iﬁ:ﬂl 1IE I=l: _ i Hi T e
sof __— : 50| %
_ _ u:-':' :
\ s TO—YY?
i -100| .
:] —— - Real SciBooNE data
Y I e -15u_||||||||||||||| II | | I | |
5"30—>Y'Y E 0 150 20C 50 0 50 100 150 200 250 300




SciBooNE Timeline

20006, Jul - Detectors move to FNAL
2006, Sep - Groundbreaking

2006, Nov - EC Assembly

2007, Feb - SciBar Assembly

2007, Mar - MRD Assembly

2007, Mar - Cosmic Ray Data
2007, Apr - Detector Installation
2007, May - Commissioning

2007, Oct - Neutrino Data Run

Two years from
formation to first data!
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C|V|I constructlon of detector .haII '(Septembe'r "2007)
Ground breaking ceremony



1

MRD construction (January, 2007
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SciBar construction (January, 2007)




April, 2007



May, 2007

gl (:I.‘rv,

SciBar/EC Detectors Muon Range Detector



First Neutrino Event

(v mode)

L

1

1

1

L

11111

(444444444

150 200 250 300
Muon Range Detector

100

50

-50
SciBar/EC Detectors

SciBar hit, areaxenergy deposi




Data taking status

* Projected Protons On Target (POT): 2E20
* Total collected POT: 1. 46E20

e v: 9.2E19 (goal: 1E20)

v: 5.4E19 (goal: 1E20)

» Averaged detector live time fraction: 94%

»
NY 14~ Delivered
= — eeees For analysiSC
5 S — @)
= 100 v mode | T
n 8l -
22 - -
S (7))
o - 7 a
= epdune, 2005+
af S
2 >
0:; © ':—I- lcj.‘_)‘.l"l—.l_'l‘.’l‘ .I_ll -l-vl-l l'l'l l:lz

- [ [ [S
> 3 3 3 2 < 5 < -4 ' D O O & = = m D D D D e =
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Status of Analyses

- Neutrino data (not v data, in this talk)
- ~77% of all projected v data (POT) is used

- 84% (~7.7E19POT) of all collected v data



Analyses of v interaction

Several analyses are in progress

harged Current
— CC inclusive (Yasuhiro N.)

— CC-QE (Jose A. and Joe W.)
— CC-1n (Katsuki H.)

— CC-n® (Joan C.)

eutral Current

— NC-n0 (Yoshinori K.)

— NC-elastic  (Hideyuki T.)
* v, disappearance (Kendall M.)



harged Current
analyses

» CC, CC-1xm, CC-QE



Feature of event at
CC-QE SciBooNE

Vl\/l
w+ * Muon = SciBar-MRD matched track
n-—"— T~ P
CC-1n (resonance) SciBar EC MRD
v, 1~
~_" Tracks u track
W+ Tt (M,p,J’E+,J'EO) /
P A N\p
CC-ri® \
4 -
" TV — Y'Y
P ""’\ P




v events timing distribution

A A 1 { A 1 A
S50 0 50 100 150 200 250 300
cm

v events

-

Beam window (2us)

7

/

Cosmic ray background

5 10

SciBar-MRD match sample:
CC purity: 96%

 Beam window: 2usec
(1.6us beam spill) 1400 ke
1200
Requiring SciBar-MRD
match, cosmic ray 1000
background contamination -
<0.5%
600[~
300/
e ol
-50, HHESHHEH 0 0
_yso | IR i;i SLILLLL L

15 20
Event time (u sec)



Vertex and # of tracks

Sample: SciBar-MRD track matched event
# of tracks from vix

X, Y ,NOW 5 == Entries 23737

Pre
1000 |~ E==1v CCQE
Z 800 |—

v beam dir. 600~
SciBar :

v CC resonantn

’ . D/ \TA C ==z v CC coherenin

Eeray E23 v CC other

L MC
X-vertex :

o
t

-850

0

Y-vertex

SciBar-MRD =

160

matched trk 350" 0 © -100.em © 20 © ¢ 80" fsomwm
(Muon track)

Y. Nakajima



SciBar EC_MR

.

1 Muon distribution

Muon

track

Y. Nakajima
PM

preliminary results

v direction

Sample: events u stopped inside the MRD
(MC samples: normalized by # of MRD match events)

ted Bu Reconstructed Pu

Reconstructed Mucn M um

;:DATA/MC

Raconstructed

D Cener
vNC

v CC cther

j v CC coherent x

= O v CC resonance x
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Y |
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NIt Eiiiily

Event kinematics

Y. Nakajima

preliminary results

Reconstructed Ev
(assume.CCQE)

ll!lI”]I”lTﬂ]l"I"ll’"l]YHIHT]IITIT"IT"I

Pre\\m‘ﬂaw

05 10 15 CeV

Reconstructed neutring enargy

'E (Eovies 12410

--DATA/MC

v direction

Reconstructed Q2
(assume CCQE)
]

= PYe\\m\na k
O-é---63---d -4-. 05 08 07 08 (G V/C)2

-m; /2

+ PM CcoS HM

mE
mn—EM

Assume CC-QE



Independent
Check on u angle

« v events inside MRD

(SciBar not used for this sample)
Bar G MRD

B2 Muon
I track

Y. Nakajima

Reconstructed Cosf

16000 —
14000}

12000

Data/MC disagreement is not
caused by detector effect.
??Physics??

10000 ;— P ( e\\m\

nary

[Entries 80

Fo—

Continue to work to understand muon distribution 0,

8000}
- -0
6000} o
40001
0 0 0 0. 0.4 0 0 0.7 0.8 0.9 1
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0.8
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-CJuasl Elastic

- C  MRD
CC-QE
Vl l
\/

w \
/

track
« Signature: muon + (2 track event)
* By looking at , separate CC-

QE from other interactions.



CC-QE and non-QE
separation: AGp K. Hiraide

Opening angle between observed 2nd
track and expected proton track
assuming CCQE.

pn (Pu,bp)

N Observed 2" track

\\AGp

" 80 100 120 140 16

0 60 80 100 AOp (d’eg)



CC-QE

VP uFp

u (Pp,0p)
Opening angle between observed
2nd track and expected proton track
assuming CCQE. N Observed 2" track

hEY ABp

Jose Luis Alcaraz Aunion

k)] 9 track sample e e 2k ] 9 trgack OF sample [
3 O F oy e
WEPY = m;\vre\\m‘“ T =
o 2= - il
2505— 100 SR
150/
1005
* = QE purlty ~40,,m ‘
0 o2 04 05 08 12 14 16 18 0 oz 04 06 08 12 1.4‘ 16 18 2

E (GOV) E. (GeV)



CC-

v+p— P

CC-1x (resonance) - C_ MRD
V l
l\/ |

Wt (n - \
p fﬁp \\

Muon
track
» Signature: muon + pion | # of trks
— CC-1m event: v+p—u+i+p
— 2 track event

1 DOCHDEE

By AOBp & PID for 2nd track (it or p)
separate CC-x from other ints.



Particle ID with dE/dx

|dE/dx (muon track sample) |

7000

6000

5000

4000

Muons

Pr e\\ﬂ““%

|:l
E
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| MuCL (2-track sample) |

O 4E/

Entries 23737
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v CC other

v NC

anti-v

BG from EC/MRD

8 U 0
dEMdx (MeV/em)

dx (MeV/cm)
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P~ (Pion track efficiency
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Hiraide

Proton mis-ID as pion = 7.2%
=74%)



CC-1n" (v¥N—u+x+N’) sample

Pu
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Advanced
C  MRD
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Muon
track
1l

Corresponds to low energy
events.

For muon ID, Michel decay
electron can be used.

event sample

» So-called “u contained (in SciBar) event”
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Muon ID for contain event:
Michel electron tagging

» Tag Michel electron with TDC info (multi-hit):
— TDC hits of and

» Clear signature of muon Michel decay

Joseph Walding
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eutral Current
Analyses

NC-n°, NC-elastic



Feature of event at
SciBooNE

* No muon = No SciBar-MRD match track
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NC-elastic
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Proton selection performance:

120

140
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* Only 1 proton track
contained in SciBar
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And...

* In this talk, | just showed “key” plots in
each analysis

* Probably, you have a lot of questions...

* Meet SciBooNE students and talk with them!!



Summary — Introduction

« SciBooNE Experiment is v experiment at FNAL

— Precision measurement of v & v-bar cross sections at
~1GeV

— Use SciBar and Booster Neutrino Beamline

— Data taking have been started June, 2007

* Through Aug. 2007: Antineutrino mode
 Started Oct. 2007: Neutrino mode

» SciBooNE has excellent capability to study
several neutrino interactions.

« Several physics analyses are in progress.
— First results in this summer.



