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MiniBooNE Sensitivity
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Verifying LSND

P(v, — V,) = sin*20, sin2(1.27Am%QE)

L

LSND interpreted as 2 v
oscillation

Verification requires
same (L/E) and high
statistics

® Different systematics

MiniBooNE chose higher
Land E

Strategy: search for ve
excess in vy, beam
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Our task: Dead reckon the background estimates and
uncertainties with just one detector.
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Meson Production

n* Production Cross Section from HARP Py,,,,=8.9GeV
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External meson
production data

e HARP data (CERN)

Parametrisation of cross-
sections

® Sanford-Wang for pions

® Feynman scaling for

450 m

kaons
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“°Detector

Signal Region

Veto Region
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“” Neutrino Interactions
v -
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Track Images
N
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ve(U decay)
ve(K decay)

475-1250 MeV

132
%

Radiative A
NCr?
Dirt
Other

Total

Signal

20
62
17
33

358

163
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° Signal & Background =

Predicted Ve energy distribution
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400

Stacked backgrounds:
| R
| N
| Eb
dirt events
AN
. other

««es LSND best-fit signal
Am?=1.2 eV*®
sin®(20)=0.003

1000 1200 1400

reconstructed E  (MeV)




Imperial College

London

M.O.Wascko

5 of living science

<~ =<

<~

Uncertainties

source uncertainty (%)
Flux from TT*/p* decay 6.2
Flux from K* decay 3.3
Flux from KO decay |.5
Target and beam models 2.8
V-cross section 2.3
NC 110 yield |.8
External interactions 0.8
Optical model 6.1
Electronics & DAQ model 7.5
constrained total 9.6

BENE *07
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Note:

“total”’ is not
the quadrature
sum-- errors
are further
reduced by
constraints
igelnn) v, data
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pened box!
1.2 e MiniBooNE data . .
-1 + expected background ® Counting Experiment
1.0[* .. BG + best-fit oscillation (475-1250 MeV)
% N — v, background
= 0.8
="r t — v, background ® Expect 358
= .
E 0.6, * + | 9(stat) = 35(sys)
? 0.4f +
' - _|—|‘ = ® Observe 380
312_— i .....* ......
_I_|_'§ ® Significance 0.55 o
500 750 1000 1250 1500 3000

reconstructed E, (MeV)
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® No evidence for v,—Ve
2v appearance only
oscillations

® |ndependent second
analysis finds similar
result

® |ncompatible with LSND
at 98% CL

o f. KARMEN2
compatible at 64%
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MiniBooNE First Result

Exclusion Curve =

'
H

E:':_: F]

S sin“(20) upper limit

P

4 = MiniBooNE 90% C.L
---- BDT analysis 30% C.L.

o

I LsNDg0% C.L.
[ ] LsNnD99% C.L.
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“ What Does It Mean?

e With the blind analysis, we have asked the question:

Do vus oscillate directly to Ves with
Am? ~ leV? ala LSND?

e VWe have a clear answer:

NO

More work yet to do...

M.O.Wascko BENE *07 |6
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At lower energy...

+ 2v oscillation

threshold reveals ve

iI : analysis threshold * MiniBooNE data
2‘5: I -+ expected background

E-I : .-- BG + best-fit oscillation

> 2‘°:|' : — v, background

= I '} — v, background

-E 1.5__ | :

. S W
® | owering the energy e [T}

° 1.0 ||

B 1

excess 9-55_5_-_’—'4“1_,_.‘“”
i
B HTEETE B e
. 300 600 900 1200 1500 3000
® Excess not consistent reconstructed E, (MeV)
with LSND signal -
u ¢ data - expected background
> 0.8H
% "4 --=- best-fit to full range
® Currently under w 0.8 — sin®(20)=0.004, Am?=1.0 eV
investigation g n4:— | — sin®(28)=0.2, Am=0.1 eV*
il
AN g —
b Dz._._. ------- g
D.D_ i |I l {I ---T-- 1 1
300 800 00 1200 1500 3000

reconstructed E, (MeV)
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Low E checklist

® Data integrity checks
® Double check background calculations
® New backgrounds?

® (i.e.not considered in original analysis)

® N.B.If this is a background it may be relevant for
other experiments searching for Vy—Ve

® New physics!?

® | ooking at new/more data

BENE *07
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100

® Detector anomalies: none
found

® Example: time distribution
of ve events is flat

® Hand scanned all events:
nothing pathological found

event display of typical ve

. -
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Integrity checks

POT corrected v, candidate events

POT corrected v, candidate events

event/POT vs day, 475<Enu<1500 MeV

475<E(MeV)<1500

+
B
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“° Muon Internal Brem

Data-MC excess, but note the scale!

0.12[
- ® 2-Subevent Data
0.10
- —— 2-Subevent MC
> 0.08[-
2 r Statistical uncertainties only!
‘E 0.06
s I
Wo.04—
0.02

300 500 700 900 1100 1300 1500 3000

Reconstructed E, (MeV)
® Apply recon and PID to J | anaiyais tosnod  * MiniBooNE data
2'5: — -} expected background
clean muon CCQE events n ' .-- BG + best-fit oscillation
> 2.0-1- — v, background
o [l u Dackg
. = L * — v, background
® Directly measure rate of 8 15| |
2 T Ly
N
final state muon Vv, 2 b L.
oF :
backgrounds S = &= .
5.5:—_|_i_.
300 600 900 1200 1500 3000

reconstructed E, (MeV)
M.O.Wascko BENE '07 20
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“Dirt” Backgrounds

® before box-opening, fit yielded
® meas/pred = 1.00£0.15

¢ fit in different (open) sample yields

M.O.Wascko

® meas/pred = 1.08%0.12
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“Lower energy threshold

P
«

o
.

* MiniBooNE data (stat. error)
- expected background (syst. error)

— v, background

— V background

London  wsjeasorigscine
® More data should help _
153} i
® Extended threshold to E
lower energy S z.uﬁ-f-
= Lt
, : o 15|
® required extension of B[ b
systematics 3 1.0 -f-
. 0.5
® Excess persists below .
300 MeV A0
® New bin is even more
dominated by mis-ID v,
M.O.Wascko BENE *07

600

900 1200
reconstructed E, (MeV)

1500 3000

22



Imperial College
London e ol g siencs

® More data should hel 4.0
g ! .« MiniBooNE data (stat. error)
3.5 -+ expected background (syst. error)
® Extended threshold to 3.0 '
lower energy P { | — v, background
= ¢ i — Vv, background
) . 220 Hy
® required extensionof § F }
. > 1.5 :
systematics o 15 -
1.0 _-f-
® Excess persists below 05t -—_'_'—'—'_, o—._,=|
300 MeV e S

300 500 700 900 1100 1300 1500 3000
reconstructed E, (MeV)

® New bin is even more
dominated by mis-ID v,

M.O.Wascko BENE *07 23



Imperial College
London 00ye

0 year:

10

“Background Breakdown

reconstructed V energy bin (MeV)

200-300 300-475 475-1250

total BG 284125 274121 358135
Ve intrinsic 26 67 229
Vy induced 258 207 129
NC 110 15 /6 62
NC A—Ny 20 51 20
Dirt 99 50 |7
other 24 30 30

DATA 37519 36919 380%19

M.O.Wascko
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1OOV c |: I E | i & A I D
I S I e n e 1 iy n g e S X .".""7"‘.;--?;.‘-..:‘5‘-"‘5.
cos 0 ,200<Ev<3000 MeV E, 200<Ev<3000 MeV
120 :_ 200 MeV < E*° < 3000 MeV 500 :_ 200 MeV < E*° < 3000 MeV
R - -4 data (stat. error) . N —4- data (stat. error)
5 100~ &% Monte Carlo (syst. error) o 400 | == Monte Carlo (syst. error)
a . — v,only a R — v, only
S - ---- vgonly S B ---- v, only
4 sop g
0 - w6 300
£ 60— s [ Ly
Qo B Qo - 1
2 4of | 2 °°F
c B c = 2
N ——
0'_'I"l"l"| ''''''' +'I"|"r'l"l"I":--I--I-:-I--I'-I--I--I--I--I--I-I--r-I--I--I--t'-l--l--l--l--l--l--l- 0'_-'7-'1 PR R T N S N |---I---I — i
-1 -08 -06 -04 -02 -0 02 04 06 038 1 200 400 600 80 1000 1200

visible energy (MeV)

® Recall: two-body kinematics allow v energy

reconstruction from Ejepton and Ojepton
poe _ 1 2MyE; —m3
' 2 M, —E;+ \/(Eé2 —m3)cosOy

® no anomalies in these distributions

M.O.Wascko BENE *07 25
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120/ 200 MeV < E/*° < 300 MeV
C —4- data (stat. error)
g 100— E= Monte Carlo (syst. error)
a L — v, only
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20
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cos 0
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events / bin / (5.6E20 POT)

events / bin / (5.6E20 POT)

E, & O,in E, bins

120 :_ 300 MeV < E"*° < 475 MeV 100— 475 MeV < E*° < 3000 MeV
C —4- data (stat. error) R - —4- data (stat. error)
100— — B Monte Carlo (syst. error) '5 80— E= Monte Carlo (syst. error)
R — v, only a B — v, only
- ---- v, only ] B ---- v, only
80— e = o
— % Go_
L 8 B
60— s [
C 2 g0 i
- » R . LT LY q
40— £ C e
. O S
- 5 ~
C 20—
20_— _____________________________ -
e PRI AT AR IR b s ol C oy
PSO 200 250 300 350 400 450 500 550 200 400 600 800 1000 1200
visible energy (MeV) visible energy (MeV)
140" 300 MeV < EI*° < 475 MeV = 475 MeV < E*° < 3000 MeV
C 300
120~ - data (stat. error) _F -+ data(stat. error)
o | Mont? Carlo (syst. error) l5 250:_ = Monte Carlo (syst. error)
100— — Vwony a C — v, only
C --=- Vg Only ] C ---- vgonly
C W 200—
80— 0 C
60:— g 150:—
c g L
C —— s
20— 4 50—
0“.".".'1“.".".'1'.":',"ln.".".uln.".-:-; T o_ ------- Tt o T L
- -0.8 -06 -0.4 -0. - -1 -08 -06 -04 -0.2 -0 02 04 06 08

cos 0

Excess distributed among E, cos8, bins
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At higher energy, data are well-
described by predicted background

cos 0
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Photonuclear cross section

20

Difficulty distinguishing single photons
from electrons

cross section (mb)
o

® Photo-nuclear absorption

|

® Can produce low energy “ve”’ o " —
200 400 600 e0d 1000

cve ntS Egawrma (MeV)

® No effect on E,>475 MeV

® Anomaly-mediated photon production
® arXiv:0708.1281[hep-ex]

® Both under active investigation

M.O.Wascko BENE *07

“  New BG? Physics?
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Treveals

“More data should help!

® Double check everything
in MiniBooNE

® Same detector with
different beam
=NuMI

® Same beam with different
detector V
=SciBooNE

M.O.Wascko BENE *07 28
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MiniBooNE can see
neutrinos from the NuMI
beam

Off-axis beam
® ||0 mrad

Enriched ve sample

® Very different energy
for v, components

Results coming soon!

MiniBooNE

NuMl v Flux at MiniBooNE MINOS near

\I_l_l\\‘\ll\\I\I\\\\ll\\\‘lll\‘\\ll‘\\\l

@ [arb.units]
S

-
(=]
A

10°

10

05 1 15 2 25 3 35 4 45 5
E,[GeV]
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. SciBooNE
> Same Beam Diff. De

® New experiment at Fermilab

® Near Detector in BNB

® Better at distinguishing photons
from electrons

® Check MiniBooNFE’s
background estimates

K2K Fine-Grained Detector (Side View) : SDOkeSDeOD]e:
s TRGID 1 1 T. Nakaya, Kyoto University
2 M.O. Wascko, Imperial College

Ve event in SciBar detector .

30
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® Data run started this

SUMMEr

Muon Range Detector

b (7]
o
o
e
O S
o S
a A
U £ 35
L XY O
= S &
3 3 2
@)
) zZ S
o

100 150 200 250 300

50

0

-5
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® Expect 2.0e20 POT total
® |.0e20 neutrino

® |.0e20 antineutrino

® Collected 0.54e20 POT
antineutrinos already

® Now running in neutrino
mode

® Only | dead channel in
14,336+256+362

M.O.Wascko

Data Pro%ress

SciBunNE(

Accu ated POT

— Delivered 534075 run

..... Fgr ana|y5i5

N W b O
II|IIIIIIII|II

Y

Protons on target (x1E19)

o

| |
Yun g3'n o Jun 160 -‘:’3 Yun 35 Ju g, 147 21 254ug o
Date in 2007

| Accumulated POT |

o
0

Delivered
.- For analysis

V run

o
0

get (x1E19)

o
N

o
W

Protons on tar

Oct.13 COct. 20 Oct.27

Date
BENE ’07 32
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e What’s Next?

® MiniBooNE is publishing more papers:

e Neutrino cross section measurements
* Joint analysis of MiniBooNE, LSND and KARMEN data
* More exotic oscillation analyses
* V. disappearance
® Laveder & Giunti (arXiv:0707.4593)
* 2 or 3 sterile neutrinos with CP violation
* Maltoni & Schwetz (hep-ph/07050107)
* MiniBooNE analysis coming soon

* Results of NuMI-MB analysis very soon

* Fermilab “Wine & Cheese” Seminar before end of the year

* MiniBooNE is pursuing ve appearance search now

M.O.Wascko BENE *07

IOV
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Sum mary

MiniBooNE First Result

® MiniBooNE observes no 10° :
evidence for VM%Ve 2\/ - E sin’(26) upper limit
) . - 2 — MiniBooNE 90% C.L
oscillations 10 -~~~ BDT analysis 90% ..

® |ncompatible with LSND
Vu—>Ve oscillation signal

IAm?l (eV3/c?)

at 98% CL :
® | ow energy excess under 107F
investigation E - LeND 90 C.L.
- [ ] LsSND99% C.L.
. 2 IIIIII| | | IIIIII| 1 IIIIIII| | L1 1 111
® More data coming 10 10° 102 107 ;
soon sin?(20)

Phys.Rev.Lett. 98,231801 (2007)
arXiv:0704.1500 [hep-ex]

M.O.Wascko BENE *07 34
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Motivation

Three different neutrino
oscillation signals

Three independent Am?

Problem:
We only need two!

Explanation requires
physics well beyond the
standard model

Is it true?

10

Am” (eV %)

BENE *07

T e

LSND
Vi Ve

_Reactor }
*vor  Limit

Solar MSW |
V.oV ¢

Atmospheric
V,—Vx

10~

10

10

-1

1
sin26

M. Sorel
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100 LSND Signal

® (Clean experimental

%) 2
ignatur 0 . g
Signature % 17.5 ® Beam Excess 3
n ; £
Py Stopped Pion % 15 ::_ m pl‘?u—}\’ere )n
neutrino source & o5l PO
B EEE other
® Delayed coincidence 101
detection signal 25|
® excess:87.9+224+6.0 o1 D
-
25|
® Interpretedas2v ; :
oscillation T e
e 04 06 08 1 12 14
e P(vy—ve) = 0.26% L/E, (meters/MeV)

M.O.Wascko BENE '07 37



Imperial College
London 100 yearsaf in

100 |
V F I ux — vy, from w & u decay
— v, from K decay

M.Wilking..:.. = ¢

-5
E 10 : — v, from n & w decay
= v, from K decay
L
W[
8 10°}
Qo
c
® 99.5% pure muon flavour s
:E 10 3
. . . = -
® 0.5% intrinsic ve 3 |
S o
a 0F
. : o
¢ Constrain ve content with ¢ f
Vv, measurements FRC:
z

Magnetic w - 450 m

focusing horn

dirt
M.O.Wascko BENE "07 38



Imperial College
London wyesdin gseience

100

Track Reconstruction

Charged particles produce Cherenkov
and scintillation light in oil 0.07

0.06

0.05

0.04

0.03

0.02

0.01

T
L

0.06

0.05

0.04

0.03

PMTs collect photons, record t,Q 002

Reconstruct tracks by fitting time and 0.01
angular distributions

Find position, direction, energy

M.O.Wascko BENE '07 39



Imperial College
London :

“ Particle Identification

Reconstruct under 3 possible hypotheses: -like, e-like, TT0-like

0.3 —
‘Monte Carlo- . vl o

| Reconstruction produces
| likelihoods for the three hypotheses

0.2

.|r|_||rrrr

0.1 B 0.05- _
- i e e-like
= B - ks
3 o l 0—54 Loas
=2 i _ I
o 5 -
-0.05
0.1 B
i T o1
02 MHv.CCQE o L
: 'Ve CC QE S :
- u 8-0.15—
.0 3T | L 1 | | 1 1 | I 1 L | | L | 1 | | 1 | | 1 L | I L :
9200 400 600 800 1000 1200 1400 - C :
fitted E (MeV) -0.21- ~ Monte Carlo
. I . - . @V, NC°
Ve particle ID cuts on likelihood ratios 0.25- BV, CC QE
cuts chosen to maximise sensitivity to Vy — Ve L e | |
oscillation 03200 400 600 800 1000 1200 1400

fitted E (MeV)

M.O.Wascko BENE *07 40



Imperial College
London e ol g siencs

“° Particle Identification

0'3: ‘Monte Carlo AT L
0.2 i
® Reconstruct under 3 .
possible hypotheses: -~
U-like, e-like, TT9-like 3 ;
:u
: o \
® V. particle ID cuts on o
likelihood ratios
® cuts chosen to maximise -
sensitivity to Vy — Ve -
OSCiIIa—tion -03u-||||||||||I||I|||||I||I|||
200 400 600 800 1000 1200 1400
fitted E (MeV)

M.O.Wascko BENE *07 45



