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Shorf—Baseline Experiments
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Short-Baseline Experiments
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Short-Baseline Ex erimen’rs
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Short-Baseline Experiments
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Short-Baseline Experiments
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Short-Baseline Experiments

Nevtrino-Nucleon Neutrino
Cross Section Results Oscillation Results

In the Works

K2K, MiniBooNE MiniBooNE MINOS, SciBooNE

H. Ray 7



=12 GeV protons + Al target

= Magnetic focusing horns, run in nevtrino mode
= Focus rt* into decay volume. DIF, beam dump

=E =110 1.5 6eV

H. Ray 8



K2K Near Detector

SciFi Detectar
[ _ Extruded Scinfillators { 15ton)
| SciBar Deteclor >
— T_-L_H'H:_ "-—."l
\ Muon Range Detector
- p=p-rTey-ya gyt '

% beam

= Scifi : 19 layers of water in Al fanks, each layer has 1 hor. & 1
vert. sheet of scintillating fiber

= SciBar : fully active C tracker w/ Pb +scint fiber calorimeter at end
= MRD : 12 layers of Fe, 13 sets of vert. & hor. drift tube layers

H. Ray 9



Charged-Current Quasi-Elastic Events

v &
= All kinematics are specified from 2 E
ohservables , p

—Muon energy (En) and muon scattering
angle (0)

= Reconstruct neutrino energy (E.) and 4-momentum
transter (Q2) using these observables

. 2(M-E,)E, - (E, -2ME; + m;, + AM")
2[(M-Eg)-Eu+p, cos, ]

Q* = _mi +2E (E, - pucosf,) 0 Eu
v-beam 1%% cosH

H. Ray 10




Charged-Current Quasi-Elastic Events

= GCQE cross section depends on v, 5
axial and vector form factors W
p

= Axial form factor assumed to L
follow a dipole approximation, RO
which depends on the axial mass (/') = —— -
(M,) TR

=M, has large impact onfotal = [ v
cross section, 4-momentum o [ g e
transfer (Q2), reconstructed | & |
neutrino energy (E ) JJ. S

H. Ray



K2ZK CCQE Results

= Measured M, using SciFi

and SciBar detectors
= Phys. Rev. 174:052002,2006

= Seiki 1M, =120 =
0.12 GeV (stat + syst)

= Scibar: M, = 1.144 =
0.077 GeV (fit) + 0.078 -
0.072 (syst)

H. Ray

0.2

Summary of M, Volues

nnnnnnnnnnn
Freen=Fropans

=========

Frecn—Propans

Deuteriom
Deuterivm

uuuuuuuu
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K2ZK CC Single Pion Results

=-(Coherent or Resonant production mechanism

—=Resonant = pion produced through the production and
decay of a resonant state (ie Deltas)

= (0oherent = nevtrino interaction involves the entire

nucleus |
. .
= Upper limit of & 1 CC coherent
0.60x102at S ] mmeca "
90% CLforCC | Pomu
coherent * c Y 02 04 06 08 1 12
. PRL 95, 252301 (2005) QciBar data q-,. (GeVic)®

H. Ray 13



K2ZK CC Single Pion Results

= Measure the inclusive (CC1x*) and exclusive
(CCpr*) resonant single pion production

| Feep=Teoat [excluswve M | T Fonng (Inclusive) |

EE.
‘"

CeiBar E C LeiBar

MG g MC
e,
E 1.4
0

i.2

Results subwitted for publication this sumwmer "



K2ZK CC Single Pion Results

= Measure the inclusive (CC1x*) and exclusive
(CCpr*) resonant single pion production

Uy P (EREIUSIVE] |
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Results subwitted for publication this sumwmer 5



K2K Neutral Pion Results

=00 0 inclusive cross section measurement
= PRU in preparation

= Measurement larger than MC expectations

=00 70> MC, CC1x* same as MO

= 30 = 187 excess of multi-pion events in data over MC

RC

Target nucleus anything

else (if any)

L



K2K Neutral Pion Results

=00 0 inclusive cross section measurement
= PRU in preparation

= Measurement larger than MC expectations

=00 70> MC, CC1x* same as MO

= 30 = 187 excess of multi-pion events in data over MC

c__

CCz” — 0.306 +0.023(stat.) =053 (syst.)
O ccor

MC

CCa® _
e 0.220 £ 0.001(stat.) £ 0.043

O ccoE
H. Ray 17
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K2K Neutral Pion Results

=00 0 inclusive cross section measurement
= PRU in preparation

= Measurement larger than MC expectations

=00 70> MC, CC1x* same as MO

= 30 = 187 excess of multi-pion events in data over MC

(8] i
CCmuli-T _ () 465 + 0.029(stat.) = 0.056(syst.)
Cccor
MC

,D" ;
fﬂ’ggf”-fﬂ‘- = 0.358 +£0.001(stat.)

Cccor

H. Ray 18



MINOS

Abzorber Muon Momtors
Target . Decay Pipe | \ l J, l &
\ l'arget Hall : H [ i
120 GeV : + B & o B THF-~HhF=—hHr="*
profon % - T * - mg et ) ] 1 1=
Main Injecior Horns "= £7] R T | it ] A e
ey E Rt P e
10 m 0 m = =
6 — . Rk Hockl Rock

. im
Hadron Monitor 12m 18m  2l0m

=120 GeV protons + graphite farget

= Magnetic focusing horns, run in
neutrino mode

= Focus t+ into decay volume. DIF
= Moveable target relative to horn =

tune neutrino E spectrum ("3 10 10
GeV)

H. Ray 1y




Minos Near Detector

=1 km from target  =CCQE M, fit
= Steel and scintillator = PIS cross section
tracking calorimeter = NC 0 coherent production

= First NC measurement on a
heavy target!

1.9 Z4m 36m r.am

HADRON

VETO | TARGET SHOWER

PARTIALLY INSTRUMENTED REGION

UPSTREAM P DCWNSTREAM
FINE SAMPLING) {COARSE SAMPLING)

H. Ray 20




MlmBooNE Neumno Beam

target and horn | decay raglc-n abaorber airt l detactor
prlﬂar'_.' baam secondary beam erilary baam

iprolon Imesans) Ineut rinos)

= 8§ GeV beam of protons + Be target
= Magnetic focusing horn dictates heam type (v, anti-nu)
= Mesons decay into the neutrino beam seen by the detector

=K/ — w v,
= MiniBooNE L/E = 0.9 km / 0.8 GeV

H. Ray 21



MiniBooNE Detector

MiniBooNE Detector

Detector

= 12.2 meter diameter sphere 3
= Pure wineral oil

= 2 regions
—[nner light-tight region, 1280 PMTs (1 0% coverage)
4 re=>0ptically isolated outer veto-region, 240 PMTs 22




Event Signature

electrons:
short track,
mult. scat.,
brems.

muons: 00 © o2 Sharp Outer
long track, 2 Ring with

slows down Fuzzy
Inner
Region

neutral pions:
2 electron-like
tracks

H. Ray 23



Event Signature

electrons:
short track,
mult. scat.,
brems.

muons: o Sharp Outer
long track, & Ring with

slows down Fuzzy
Inner
Region

neutral pions:
2 electron-like
tracks

H. Ray 24



Event Signature

electrons:
short track,
mult. scat.,
brems.

muons: SATH Sharp Outer
long track, Ring with
slows down Fuzzy
Inner
Region

neutral pions:
2 electron-like
tracks

H. Ray 25



Event Signature

electrons:
short track,
mult. scat.,
brems.

muons: SATH Sharp Outer
long track, ed Ring with

slows down 29 %, 2 Fuzzy
Inner
Region

neutral pions:
2 electron-like
tracks

H. Ray 26



Current Oscillation Status

-

1.27 Am2L

LSND

" Posc =5in726 st[
VoV, :

Atmospheric
V,—Vx _|
Solar MSW _
V_—Vy *

E

|




Current Oscillation Status

S LT T T P =51n220 sin2 [1.27 Am?2 L]
: LSND E
g 1 3 VM%‘VB E
0 Zg_ Atmospheric
10'35— VH%VX —'
0 L Solar MSW )
; V. —Vy =
0" ' : |




events / MeV

Observed Event Distribution

reconstructed E, (MeV)

§5 2v oscillation -
analysis threshold * MiniBooNE data
-5 —> -+ expected background
\ .- BG + best-fit oscillation
.0 \ — v, background
\ v, background
-9 . Counting Expt:
475 MeV < E %< 1.250 GeV
0 l i 380 observed evts
\ N 358 £ 19 * 35 expected events
! Excess over background : o.
5 \: I g 550
5 == = VN
N ' |_;l_|‘—- P p—
300 600 900 1200 1500 3000

29



MB-LSND Compatibility

0.100 —
%S
S
— * o - agm
2 . o 2% Compatibility
E W
2 0010 ©
0 B
-
m
=
£
)
9

0.001 ‘ ‘ ‘ |

0.25 0.75 1.25 1.75 2.25 2.75

dm2 (eV2)

MiniBooNE is incompatible with a

v,— V. appearance only interpretation of LSND
at 98% CL

H. Ray 30




events / MeV
%)

=

Observed Event Distribution

« MiniBooNE data

™~

=

&

§ el
§i |

300 600 900 1200 1500 3000
reconstructed E, (MeV)



events / MeV

Observed Event Distribution

E E oscillation -
—J Ea:alysisthreshuld * MiniBooNE data
2'5_ —> -+ expected background
)y ... BG + best-fit oscillation
E'U'j' i — v, background
: : v, background
1.5 e DA
1.0— !
- e
- 1
- : _l_‘—l_.=It ----- ' i .
- R T
300 600 900 1200 1500

reconstructed E, (MeV)

3000

32



excess events / MeV

Observed Event Distribution

_Background-subtracted

0.8

0.6

0.4—

+ 2v oscillation
. analysis threshold

—

« data - expected background

— Dbest-fit v,—»v, 475 MeV to 3 Gev

Counting Expt :

300 MeV < E %< 1.250 GeV
749 observed evts

631 £ 25 + 45 expected events
Excess over background : 2.30

1

H. Ray

900

1200 1500 3000
reconstructed E, (MeV)
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excess events / MeV

Observed Event Distribution

_Background-subtracted

0.8

0.6

0.4—

+ 2v oscillation
. analysis threshold

—

« data - expected background

— Dbest-fit v,—»v, 475 MeV to 3 Gev

Counting Expt :
300 MeV < E < 475 MeV
Excess over background : 3.70

1

H. Ray

900

1200 1500 3000
reconstructed E, (MeV)

34



excess events / MeV

Observed Event Distribution

Background-subtracted

e data - expected background

---- best-fit to full range 300 MeV fo
— sin?(28)=0.004, Am*=1.0 eV*
— sin?(28)=0.2, Amr=0.1 eV*

Only 4% Compatible w/LSND

3 GeV

s i i

300

H. Ray

1200 1500

reconstructed E, (MeV)

3000

35



MiniBooNE Oscillation Results

10

IAm?l (eV3/c?)
—

i
<

102

- || LsND g0% C.L.
- || LSND 99% C.L.

sin®(26) upper limit

— MiniBooNE 90% C.L

10°

= MiniBooNE does not
observe an excess of
events consistent with a
CP conserving, 2-neutrino
oscillation hypothesis

= Any conclusions drawn
about the low E events
will have no effect on the
oscillation result

Phys. Rev. Lett 98, 231801 (2007)

36



MiniBooNE Cross Sections

=(Qn the way to the oscillation result several
important measurements were performed

=(CQE axial-mass measurement

—=NCE cross section
=NCn0 coherent production rate

= Also have a growing anti-neutrino data set

=(CQE anti-neutrino analysis
=NCn0 coherent production rate in anti-nevtrinos



MiniBooNE CCQE Resulis

= Peficit in data at low Q2 Data/MC Ratio
= Pauli blocking
L\ (a) (b) {0 (d)
= Excess in data at high Q2 £ ° s

—1.1

= Axial mass M, 0.4 .,- _._'L (a) E,=0.4GeV
| (b) E.=0.8GeV

—{1.05

(c) E,=1.2GeV

= |niroduce a new parameter, i, Jik @ G20y
as a Pauli-blocking scale factor S /i (€) Q=0.6GeV?

() Q’=1.0GeV

-0.8 |
= Perform simultaneous fit fo Q2 ™oz "o¢ fosas 1z 1 s 12
distribution, allowing M, & « . (GeV)
to float

H. Ray 38



MiniBooNE CCQE Resulis

(a) (b) (c) (d) 1 1.2

0.8

0.6
(a) E,=0.4GeV 0.4
(b) E,=0.8GeV 0.2
(¢) E,=1.2GeV 0
(d) Q°=0.2GeV? 0.2
() Q°=0.6GeV> 0.4
() Q*=1.0GeV> -0.6

-0.8

-D .2 04 06 08 1 1.2 14 16 1.8 2 -10 0.2 0.4 0.6 038 1 12 14 16 18 2

Before fit ™ (©Y After fit

= M,= 1.23 + 0.20 (stat + syst)
» k=1.019 = 0.011 (staf + syst)

= Fitting for Q2 shores up agreement across the board in all variables
hep-ex/0706.0926

39



MiniBooNE NCE Results

=-Use neutral current elastic scattering events to
probe the isoscalar structure of the nucleon

= This analysis is complementary to the electron-
nucleon DIS measurements



MiniBooNE NCE Results

NC Elastic Differential Cross Section in MiniBooNE

%10 |
' ' . T Flaniied | MiniBooNE NC elastic
] | | data with systematic
» Pred NC Signal |
| errors.
5 Detector Errars ]
4. s - 1
_ Xsection Errors | Monte Carlo prediction
1 =
% St - Beam/Flux Errors | is absolutely (POT)
e s ..+ normalized to the data.
T : el ImMERITY.4
5 1
2 _— .
i | —— 1
[= N |
— i — 1
i = !
1
B i I
&

87 02 63 04 05
KE Estimator [GeV] (= Q°/2)

H.F 41
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MiniBooNE NCE Results

NC Elastic Differential Cross Section in MiniBooNE & BNL 734

%103
T T T 1 ! ! ' ' I
= + NC Elastic Data |
« BNLvp—s vp Data
1
r : Detector Errors
‘ |
:_ij Xsaction Errors |
w  -— ]
v 3 - Beam/Flux Errors |
= | l
= 4 FPreliminaryJ
_8 F I 1
i T ]
1 S W - |
- * T _r
N — "ﬂ::'—'ﬂ'i

01 o0z o3
KE Estimator [GeV] (= Q°/2)

HoF

04 05 0.6

The same MiniBooMNE

| cross section

viN—=v N

overlaid by the
BMNL734vp—vp

| cross section

transformed from Q?
to KE:
(KE=Q?/ Zmp)

42



MiniBooNE NCrt0 Results

= Focused on oscillation result

= Need to know total = production in bins of true
i’ momentum

= Need to know coherent contribution to 0
production

=-Use observed =0 production to fix the Monte Carlo
& provide a betfer estimate of n° mis-id

= Pominant background to oscillation analysis



MiniBooNE NCrt0 Results

-~

Events/(5 MeV/c”)

H

+ Data

— Full MC Fait
Resonant

— Coherent

— Background

0.1

’

Events
_
N
—
]
NEal

7° 19.5% Coherent

Fit C.L. =5.97%

0.4 0.6

E _(1-cos 0 )

= MiniBooNE finds 19.9 + 1.17 of all NC=? production is coherent

. Ray

A



MiniBooNE Anti-Nevtrino Beam

target and horn | dmi'_q.rraglc-n [ abaorber [ airt l detactor

~ 7 7

t-ﬁ > 1D

prlﬂar:.' beam secondary beam tertlary beam

iprolon Imesans) Ineut rinos)

= 8§ GeV beam of protons + Be target
= Magnetic focusing horn dictates heam type (v, anti-nu)
= Mesons decay into the neutrino beam seen by the detector

=K/m—uw+v
= MinibooNE L/E = 0.9 km / 0.8 GeV

H. Ray 45



MiniBooNE NCr0 Anti-v Results

= Only 1 published measurement of the absolute
rate of NCx* anti-v production v v

=297% uncertainty @ 2 GeV (2

A ¥y
S ~~ np

= Current theoretical models can vary by up to an
order of magnitude in predictions of coherent
production at low E

= Worlds largest =0 anti-v sample ("900 events)

H. Ray



MiniBooNE NCr0 Anti-v Results

Suggestive of antineutrino
NC coherent m? production

[=1H

e |

a0

S

A0

00 S0 10C 150 200 250 200 550 400 450 U0 50 100 150 300 250 300 350 400 480
E (1=casd,) E.l1—cosE,)

No COH contribution
H. Ray 47



MiniBooNE CCQE Anti-v Results

1200
1000

= Use same event selection

as heutrino CCQE analysis >

=" 9K events 400

200
0

= Use values of M, Pauli
blocking scale fac’ror

2500
2000

found frowm fit to nu CCQE . .

data

1000
500
0

= Excellent data to MC
agreement in anti-v mode

H. Ray

EX (GeV)

Ll b by
0.5 1 15 2

d

cosO,

. r iR R
-1-050 05 1

12000

1750
1500
1250
1000
750
500
250

Eooov b by TS
OO 0.250.50.75 1

calibrated Q% (GeV?)

— MA =1.23GeV, k=1.019
-¢- data with stat error

48



SciBooNE

—1 Booster Neutrino Beamline

= Precise neutrino-nucleus cross section wmeasurements for
T2K

= Anti-neutrino cross section measurewments
= June 8th = Started commissioning with full detector!

H. Ray 49



SciBooNE First Events!
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Final Remarks

=-|t’s been an exciting year for short-baseline
neutrino experiments!

=K2K cross sections

= MiniBooNE oscillation result

= MiniBooNE cross sections (some worlds firstl)
= Minos on track to several firsts as well
=-SciBooNE is up and running
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K2K Neutral Pion Results

= NC 70 relative cross section published 2005

= High stat measurewment, in good agreement with
MC prediction

WV
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oMl T . 0.063 = 0.001 (stat) = 0.006 (syst)
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K2K Neutral Pion Results
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H. Ray

Events

s 3 8 8 8 &5 8 8

Observed Event Distribution

- Counting Expt : m oan

- 300 MeV < E %< 1.60 GeV ¥, 540 1 kb

- 971 observed evts o e

1070 + 33 + 225 expectedevents
- Excess over background : -0.380

E ——

- . =

— S — B

E.- (GaV)
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Overlap of Events

Track Based : 475 MeV < E 9F< 1.250 GeV
Boosting : 300 MeV < E 9E< 1.60 GeV

Overlap
19%

Track
Based Boosting
14% 67%
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MiniBooNE Cross Sections

= MiniBooNE has the world’s largest nevtrino data
set in the few-GeV range

= MiniBooNE has the ability to make a huge impact
in neutrino cross section measurements



Cross-Section Measurewments

= Astrophysics
—Low E relevant for supernovae, gamma bursts
—=Inelastic important for dynawics + nucelosynthesis

—(oherent scattering could reveal info about nevtron star
structure

= Qscillation experiments
—always measure flux*cross section

=wmust be able fo predict non-oscillated spectra and interpret
distortions

=entering a phase where the errors from xsec are "= fo stat
ervors from expts
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CCQE events in MiniBooNE

= v, CCQE interactions are the most abundant and
fundamental interactions in MiniBooNE

= "40% of all neutrino interactions, 197K events with full
heutrino data set V +n—=>p+u

v, +'C—=X+u)

Cherenkov 1

12C M ﬁ

Cherenkov 2

(Scintillation)

H. Ray 60



MiniBooNE NCE Results

2000 =TT T T T T T T T T T T T L-decay e time distribution
1800 Monte Carlo 5 10'g - - q
- ] N [ /o7 25%
1o '= S 10°
1400 - £ E delayed scintillation
! : =
o 1200] . ~90% of simulated NC - E E
E i : elastic events have -
> < |50 hit PMTs 'E.ml'
W gopr 55 F
600 ws'
4001 e
200 40 60 80 100 120 140 160
- — B Time of PMT Hit (Vertex correcled) [ns]

00 50 700 150 200 250 300 350 400 450 500

Hit PMTs (Main Tank) prompt

Cherenkov

= NCE events are low energy, dominated by scintillation
light
= Use ratio of prompt to delayed light to isolate NCE events
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MiniBooNE NCrt0 Results

- 2500
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-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1

Resonant cos@n Coherent cosE]'Tc

= Can distinguish different production mechanisms through
c0s0_, the ¥ angle with respect to the beam direction

= Fit data in =0 mass, E(1-cos), using three MC templates :
resonant, coherent, background
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MiniBooNE NCr0 Anti-v Results
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» 40% 18 coherent production
- “enhanced” coherent sample
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SciBooNE

EC: EM calorimeter
Lead+scinti. | | Xo
\

L
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Schematic
charged-current

VHn— Li+p
interaction

N,

Illidll

11111
0

Iml 1

14,336 channels

SciBar: fully ac::ive target
total mass 15¢, fiducial ~10t

extruded scinti. + 64ch MA-PMT

H. Ray

el I
100 150

111 1111 1111
200 250 300
cm

quasi-elastic (CCQE)

Muon Range Detector (MRD)

12 x 2"-thick Fe plates + scinti.
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