MiniBooNE Results and
Future BNB Endeavors




MiniBooNE's Motivation: The LSND signal
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MiniBooNE's

Motivation: The LSND signal

m =
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g 175) e Boam Excoess @ LSND found an excess of ve in v, beam
L - .
g 15| S @ Excess: 87.9 + 22.4 + 6.0 (3.80)
o : B pi.en — :
D 1251 ——— @ Under a 2v mixing hypothesis:
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@ Am2~1 eV2 impossible with only 3v _
2
@ Requires extraordinary physics! O Atmospheric
- Sterile neutrinos hep-ph/0305255 F VM%VX
» Update from Thomas Schwetz later in session 0
- Neutrino decay hep-ph/0602083 104; Solar MSW
== Lorentz/CPT viol. PRD(2006)105009 (T. Katori here!) V %VX
L €
== Extra dimensions hep-ph/0504096 1075' o " |
10° 10* 0" 1
sin"26

! @ Unlike atmos and solar...LSND unconfirmed
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The MiniBooNE design strategy...must make v,

' oscillatjons? R
S A ¥ Zu e
™ - -4 \IJ-'- U ilu :
= . = ~ 1 ‘ & - > 1 |:| |:||
|/ y - of = 9 ";:L " ] ;;' . T ' :‘) ; y &i‘ Ve > | IIIIIIII\II:H:x -
FNAL booster ~ target and horn

decay region
(8 GeV protons) (174 kA) (5y0 mg) dirt detector

(~500 m)

Start with 8 GeV proton beam from FNAL Booster
Add a 174 kA pulsed horn to gain a needed x 6

Requires running v (not anti-v) to get flux

Pions decay to v with E, in the 0.8 GeV range

Place detector to preserve LSND L/E:
MiniBooNE: (0.5 km) / (0.8 GeV)
LSND: (0.03 km) / (0.05 GeV)

@ Detectv interations in 800T pure mineral oil detector
= 1280 8” PMTs provide 10% coverage of fiducial volume

=& 240 8” PMTs provide active veto in outer radial shell
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Key points about the signal

Muon candidate
sharp ring, filled in
LSND oscillation probability is < 0.3% V “_
@ After cuts, MiniBooNE has to be able to find H |

~300 ve CCQE interactions in a sea of :W+

~150,000 v, CCQE N

Intrinsic ve background

L #]

-s Actual ve produced in the beamline from

muons and kaons Electron candidate

fuzzy ring, short track

- |rreducible at the event level Vi
=& E spectrum differs from signal ~|W+
@ Mis-identified events i
- v, CCQE easy to identify, i.e. 2 “subevents” n p
instead of 1. However, lots of them.
- Neutral-current (NC) n0 and radiative A are Pmp Ca_ndfld?te
more rare, but harder to separate two "e-like" rings

@ MiniBooNE is a ratio measurement with the |
vy, constraining flux X cross-section

-+ Can be reduced with better PID M P

N A 1
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Flux Prediction
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Final neutrino flux estimation

v /v, = 0.5%

Flux /0.1 GeV

=

“Intrinsic” v, + v, sources:
u - e* v, v, (562%)
Kt - n®er v, (29%)
K mev, (14%)
Other ( 5%)

Fraction of v

Antineutrino content: 6%
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X-Section Model
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Nuance Monte Carlo

S 12000 |
D. Casper, NPS, 112 (2002) 161 © Input flux
. . Emooo
@ Comprehensive generator, covers entire E, range 5
@ Predicts relative rate of specific v interactions > 8000
from input flux E 5000
@ Expected interaction rates in MiniBooNE (before ¢
cuts) shown below 1 4000
@ Based on world data, v, CC shown below right 2000

)
X

p""’\p

Multi © 0
NC‘Eols% m4% P

NC 7 g4y,
CC nPoma%

W+

CCQE
039%

CC rtm25%

o(v,N —=> uwX)/E(GeV) (107® cm?GeV"

B16% _<
NC EL P A" Np
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Nuance Monte Carlo -

D. Casper, NPS, 112 (2002) 161 & % Input flux

@ Comprehensive generator, covers entire E, range %
@ Predicts relative rate of specific v interactions e

from input flux k5
@ Expected interaction rates in MiniBooNE (before ¢

cuts) shown below !
@ Based on world data, v, CC shown below right
@ Also tuned on internal data

= 3

Vi l O

&

(&)

w+ g

Multi © ©

NC 10 ggy, 4% n p ~

NCT[i.“g. >
CC 4% ccae\@ Teppei Katori will dESCI'IbeJ .

\ later in the session

CC rtm25%

B16%
NC EL
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Tuning Nuance on internal NC n° data

R EsssEEmImEEEEe e
{000, Q0] Geve | -

@ NC 1% important background % il E I M Wi
=it £ - Or ] S D |
a 90%+ pure -I—l-o Sample (mainly §4 L= = WS Lincorrected —: E" == WA Uncoracted [ J gm m --r.l:,l.n:mnctnd_:

A—>NT119)...see Van Nguyen's : i

YS2 talk : . - + j
@ Measure rate as function 41 1 - N f
G0 £0 100 120 140 160 180 200 220 240 CR Ry Y 60 80 100 120 110 L&) 180 200 220 2
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a
T
g .

L 3 ; i ')
- 4+ g8 4 TR
Invariant mass J: | : A,

distributions in |
“&0 B0 LOO L20 140 160 180 200 220 240 80 50 100 120 140 L60 180 200 220 240 80 B0 100 120 140 L60 LEQ 200 220 240

momentum b ins M,, (MeVic?) M,, (MeVic?) M,, (MeV/c?)

T O T T
{100 T3] Geve

& Do

5 e was. aros

ERRsREmImaRs R
P60, DLET]GeVE

[ ==

v weys. amos

I Backround

Events/10 {Me¥ic?}
=]
Everts/10 (MeVic?)

Events/10 {Me¥ic?}
"R 4

WL @

ot YT 1 I [ I I | T
p """_\ P ad B0 100 L20 140 16d 181 200 220 240 60 BO 103 120 140 Lo0 L8O 200 220 240 60 B0 100 120 140 Lol L83 200 220 240

M., (MeVic?) M,, (MeVic?) M,, (MeV/c?)

Chris Polly, Moriond EW 2008



Track-Based Likelihood (TBL)
Reconstruction and Particle ID
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TBL Analysis: Separatin

v, CCQE events (2 subevent)

gefrompu

@ Analysis pre-cuts 5
== Only 1 subevent mo; _ = Monte Garo i 60000 * data 222
- Veto hits < 6 Eauuu: %2222: - 500
. : E MC 000
-%= Tank hits > 200 o s 3 "
- Radius < 500 cm - A R S B
O etos ey R R R SR S R AN 090 200 4% edo 80 1000 1200
Veto Hits Tank Hits
0.3 T
@ Eventis a collection of PMT-level info (q,t,x) P :
@ Form sophisticated Q and T pdfs, and fit for 7 o
track parameters under 2 hypotheses 0.1
=& The track is due to an electron 5
~& The track is coming from a muon g.:
=)
E ¢ 0.4 i
oz Hv.CCQE o
"~ [v.CCQE
-u 3I_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
9200 400 600 800 1000 1200 1400

fitted E (MeV)
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Separating e from n0

@ Extend fit to include two e-like tracks
@ Very tenacious fit...8 minutes per event
@ Nearly 1M CPU hours used (thanks OSG!)

i . |:|"'p NC =0
-0.25¢ B. CCQE
_0 3J:_!_ L | I I | 1 I‘ 1 | i 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
w200 400 600 800 1000 1200 1400
fitted E (MeV
LX,y,Z (MeV)
3000
250 [V, NC
(10‘ 25(D_ T T T L T 1 T ;‘ L T 1T T 7T T T 7T 1T T 7T ‘ T T 17T | T 1T 17T ‘ LI : . : 1 .vE CC QE
> L —— Monte Carlo Simulation— o B ) n - ‘
() B 7 R -
= 2000 —— NC° — - 200: ! -
0 B ® Data . = i
a - i o E 3
S 1500~ © i @
> - ] =
Ll L= u -
1000 Q - £
- _ =
500 —
07 Ll TR N IR N B - -' .-l‘ ‘,0, ok .
0 50 100 150 200 250 300 350 400 450 500 0 i UU 600 80 1000 1200 1400
Reconstructed Mass (MeV/c?) fitted E (MeV)
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TBL Analysis: Expected event totals

Stacked backgrounds: 475 MeV - 1250 MeV
A A 94
v e
0 v H 132
T e
> 145 dirt events L 62
§ 125 = A— Ny dirt 17
1= other
g B ---- LSND best-fit signal A->Ny 20
0.8 AmP=1.2 eV? other 33
- sin®(20)=0.003
= total 358

LSND best-fit V.oV, 126

400 600 800 1000 1200 1400

reconstructed E, (MeV) S/ Sq rt( B) =6.8

Chris Polly, Moriond EW 2008 15



Looking at the data in the signal region...

E iEvosciIIatiUn -
-  analysis threshold * MiniBooNE data ) )
2.5 > + expected background & TBL sh.ows no sign of an excess in the .
- ; ... BG + best-fit oscillation analysis region (where the LSND signal is
> 20 — v, background expected for the 2v mixing hypothesis)
= | : ..
o i § Ve background @ Visible excess at low E
'E I
E - |
© 1.0 _I_
B 500
0.5 "g 450§ —e— BDT v, candidate data
B | L% E_ expected background
L0 i L - 400 —
300 600 900 1200 1500 3000 - best it (8G+0se.)
reconstructed E‘rl (MEV) 350:— intrinsic v, background
300 - vu-misID background
@ The Boosted-Decision Tree started out J50b
with higher S/B, but lost ground to TBL 200E-
when systematic errors were quantified J:
@ Good fit to null, also sees excess in 100
lowest bin, but obscured by larger soF
systmetics = R R R R

Il | Il Il Il Il Il Il
0.4 0.6 0.8 1 1.2 14 1.6
reconstructed E, (GeV)

Neither analysis shows an evidence forv — v,

appearance at LSND's L/E
w Chris Polly, Moriond EW 2008 16
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Fit results mapped into sin2(26) AmZ plane

sin®(26) upper limit

— MiniBooNE 890% C.L
---- BOT analysis 90% C.L.

| | LsnDgo%C.L.
| | LSND99% C.L.

102 10

sin?(26)

103
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@ What does it all mean? There
are a few possiblities...

= LSND was wrong

- The physics causing the excess
in LSND doesn't scale with L/E

- Difference between neutrinos
and antineutrinos?
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Exploring the Low E Excess

Chris Polly, Moriond EW 2008
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The low E excess has fueled much speculation...

Commonplace SM, but neglected Beyond the SM

@ Muon bremstrahlung @ Anomaly-mediated vy @ New gauge boson
(Bodek, 0709.4004) (Harvey, Hill, Hill, 0708.1281) (Nelson, Walsh,0711.1363)

(=)
v

+
Y /S H

MiniBooNE Oscillation Probability at Low Energy

@ Proved negligible in @ Will hear from Richard @ Will hear from Ann
0710.3897 Hill next! Nelson next-to-next!
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Signal events have no obvious pathologies

No Detector anomalies found No Reconstruction problems found

- Example: rate of electron candidate events is - All low-E electron candidate events have
been examined via event displays,

constant (within errors) over course of run ) . .
( ) consistent with 1-ring events

10

event/ POT vs day, 300< Enu<475 MeV example signal-candidate
g O o ssgvent display
S 70 300<E(MeV)<475 ,iu"f % ' . ..,';"x\h
S IR g
§ sof S B e L PN
S, sop { St el e e RS
s 40_3—_ ________________ + ____ + __________________ I
-+ S
e F
E 20:—

! | ! ! | |x2,d9f=1 ‘|| '3I9|

100 200 300 400 500 600 700 8O0 900 1000

Time (days)

OD

Signal candidate events are consistent with single-ring neutrino interactions
— But could be either electrons or photons

w Chris Polly, Moriond EW 2008 20



Extending the analysis to lower energies

New low
energy bin @ Excess persists in 200-300 MeV bin

4.0 5
5}/ * MiniBooNE data (stat. error) o
3.5 i + expected background (syst. error) @ Significance (stat + syst error)
3.05 : - 475-1250 MeV, 22 + 40
S g5=ql |~ Vbackoround ~ 300-475 MeV, 95 + 28
500k L | Ve background = 200-300 MeV, 91 + 31
S7F [Ty
® 1'5;_ | 5 @ Looking to bring out a full update for
1.0 ‘% the summer conferences
0.5 1 = 15-20% more data
= I - Additional cut to remove dirt bkg

1 L1 I S T B e |
360 500 700 900 1100 1300 1500 3000

reconstructed E, (MeV) = Flux-fit extended to high angle

7 production data from HARP

0 0 .
vilp,n)=v,(p,n)m, m—oyy -+ Refined hadronic model

V V O
\/ - 7- radiative capture

n _Z _—T1° « Inter and intra-nucleus

p/T\ charge exchange

P,Nn  Photonuclear disintegration
w Chris Polly, Moriond EW 2008 21



NuMI neutrinos in the MB detector

Chris Polly, Moriond EW 2008
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NuMI neutrinos in the MB detector...

NuMI event composition:
v,- 81% v,- 5% V- 13% V.- 1%

| NuMI v Flux at MiniBooNE |

~ Target Hall
I MiniBooNE

@ [arb.units]

MINOS near
Data vs MC Agreement for NuMI v, events in MiniBooNE

00— g

é —=— Data

Monte Carlo

- N Detector Model Syst. Error

- Cross Section Syst. Error

s
E,[GeV]

2500

2000

Events per bin

m'”'”""""'

p

@ MiniBooNE detector is 110 mrad
off-axis from NuMI beamline (NOVA
@ 14.5 mrad/T2K @ 35 mrad)

Significantly enhanced in v, from K

decay because of the off-axis
position.

1500

III|1III|'IIII|IIII—

El
9,
<
Q
(=]
+

0
&
0]
[#)]
(1]
[¥]
1)}
g
G

1000

500

é’

]
=

| | s
0.6 0.8 1 1 2 1.4 1.6 1.8

- o Reconstructed E [GeV]
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Events per bin

Analysis of T events from NuMI| beam
~ I o L ' | ' 7
400;—& + e Data _;
330 i_ j‘G ------ Monte Carlo _i
3005— /J * —f
L == —_— 0 —
2503- —f
E 0 +— — V4V, E
200 — : 7
- éf — VY, =
150 ]
100g +++ ‘}+ﬁ~ g
g7t oo E
N =
50 100 150 200 250 300

M_[MeV/c’]

Good data/MC agreement for 1° events
Ready to finalize background predictions/systematics
Final step: Look for v. oscillation or excess

Chris Polly, Moriond EW 2008
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Analysis of v -like events from NuMI beam

c AR T 1 ¢ Data
‘8 1] —
o T O e Cocktail MG
o g <\ @ Can see a visible excess at low
g E w IC Syst
s F ener
H}J 100 f— v, +v, background gy
oF @ o @ Errors should be reduced when
e —_— vy +% background . -
o ®> internal constraints on flux x
il . .
s Q~ cross—-section are applied
A0 —
_'IJE— I
' U3 l L5 P 2.5 3
Dec 11 FNAL Wine & Cheese, Z. Djurcic, Z. Pavlovic Reconstructed Ev[GEw
iEv oscillation .
: analysis threshold * MiniBooNE data
2.5 —> -+ expected background

@ However, can already use NuMI data to . BG + best-fit oscillation

eliminate error in ve CCQE cross- > 20e — v, background
section as source of excess % 1 5 1 § Ve background
_ _ -
=& MB would require Ve cross-section to § S
be 2.5 times higher ® 1.0
- Not supported by NuMI 0.5

Ll |
300 600 900 1200 1500 3000
. ‘ reconstructed E, (MeV)
Chris Polly, Morivuu cvw zuvo 20



The SciBooNE near detector experiment

Chris Polly, Moriond EW 2008
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SciBooNE installed and taking data at near location

.
)
|

" . - - ; ‘ SciBar
1 l]l] m BooNE

@ Primary motivation: Cross-sections for T2K

w Chris Polly, Moriond EW 2008



@ 15 ton, 14,800 channels
@ 2.5cm x 1.3 cm x 300 cm extrusions

Muon Range
( Detector (MIRD)

L
N\
N
§
N\
§
:".:f%

Electron
Catcher (EC)

SciBar
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)

150

100

50

-50

=100

=150

Neutrino interactions in SciBooNE data

»
SEHH
— R AR 150
i -
| | | : Ui
B gt RLCEE] | | | 100 I I I |
: EE It : i
: it : i
: )cf I o0 M
gl | | M WALt
- | | | o Huu
B | | | WiLLtLuen il
| = WHHHE | = D
Wic o) ; | | | WALt
. i 100} i
: 8 S i T
o IR I STRVEAE STRTETATE ST B |1 ) o S A A I T S
-50 0 50 100 150 200 250 300 -50 0 50 100 150 200 250 300
— T _
Vyt P =R +N Vy+N—=> U +p
@ In addition to providing generally useful cross-section information,

some MB-specific analyses are in progress
=& Possibility of distinguishing e from Y = understand low E excess

- SciBooNE (near)/MiniBooNE (far) Vi CCQE ratio will give best
disappearance limit for Am2~ 0.3 - 60 eV2

Chris Polly, Moriond EW 2008
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Anti—-neutrinos in MiniBooNE

Chris Polly, Moriond EW 2008
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Antineutrinos in MiniBooNE .

o
[

<|10:_ ;E /; Isl:aterroronl-,l. 5.0e20pon T, signal anly, S04 C.1 .
@ Data acquired to date: i N
i / . stat 1 0K emars nnly
v channel events| |V channel events - {/ g D
all channels 810kl [all channels 54k - \‘: |
CC quasielastic 340k| |CC quasielastic 24k al \ Ia“””’””“"”
NC elastic 150k| [NC elastic 10k
cc 180k [CCT 8.9k -
CC 1P 304 [CCTP 1.7k !
NC 1 484 INC TP 4.9k
NC 1" 27kl NC " 1.8k 10"
CC/NC DIS, multi-t| 35k| [CC/NC DIS, multi-it| 1.9k EI B
6x1020 POT 2x1020 POT
v mode VvV mode Sost
m§0.35 —
@ In November, PAC recommended © o5t
MB run for two more years to cozs |
triple the antineutrino statistics S b
: X
= Direct check of LSND result Ko |
- Understanding low E excess 10.1 i
. =~
- Cross-sections measurements 005 |
10

w Chris Polly, Moriond EW 2008



Conclusions

@ MiniBooNE did not find any evidence for ve appearance in the energy
region expected if the LSND signal scales as L/E

@ A significant excess is observed at low energy and is still under study
- Finalized predictions from an improved hadronic model coming soon

@ MiniBooNE is approved to run 2 more years of anti-v running in the BNB
= Unique cross-section measurements
- Partial coverage of the LSND signal region with an anti-neutrino beam

@ Lots of exciting possibilities

s data - expected background

- NuMI events in MiniBooNE 0.8

---- best-fitto full range
— sin%(28)=0.004, Am?=1.0 eV*?
— sin%(20)=0 2, Am*=0.1 eV?

- SCciBoONE near detector 0.6

- v/anti-v xsecs for T2K/NOVA

0.4

L=
-

excess events / MeV

02 L]
e

0.0 | l B e 2 F*%_-

200 1200 1500 3000

reconstructed E, (MeV)
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Extra slides

Chris Polly, Moriond EW 2008
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The MiniBooNE Collaboration

A, Al Aguilar-Arevalo, A. O. Bazarko, S. J. Brice, B. C. Brown,
L. Bugel, J. Cao, L. Coney, J. M. Conrad, D. C. Cox, A. Curioni,
Z. Djurcie, D. A. Finley, B. T. Fleming, R. Ford, F. G. Garcia,
G. T. Garvey, I. A. Green, C. Green, T. L. Hart, E. Hawker,
R. Imlay, R. A. Johnson, P. Kasper, T. Katori, T. Kobilarcik,
I. Kourbanis, S. Koutsoliotas, J. M. Link, Y. Liu, Y. Liu,

W. C. Louis, K. B. M. Mahn, W. Marsh, P. S. Martin, G. McGregor,
W. Metecalf, P. D. Meyers, F. Mills, G. B. Mills, J. Monroe,

C. D. Moore, R. H. Nelson, P. Nienaber, S. Ouedraogo,

R. B. Patterson, D. Perevalov, C. C. Polly, E. Prebys, J. L. Raaf,
H. Ray, B. P. Roe, A. D. Russell, V. Sandberg, R. Schirato,
D. Schmltz M. H. Shaevitz, F. C. Shoemaker D. Smith, M. Sorel
P. Spentzouns I. Stancu, R. J. Stefanski, M. Sung H. A. Tanaka,

R. Tayloe, M. Tzanov, M. 0. Wascko, R. Van de Water, D. H. W hite,

M. J. Wilking, H. I. Yang, G. P. Zeller, E. D. Zimmerman

~80 physicists from ~18 institutions

@ Motivation

@ Recap of the neutrino oscillation result

@ Current and future efforts:
- Exploring the observed v excess at low energy
- Utilizing NuMI neutrino events in MiniBooNE
- Applications using SciBooNE as a near detector
- Anti-neutrinos at the BNB

w Chris Polly, Moriond EW 2008
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Neutrino Oscillations

@ v oscillations first postulated by Pontecorvo in 1957,
based on analogy to kaons.

@ A non-zero v mass allows for lepton flavor changes.

@ mass eigenstates + flavor eigenstates: 103
Vo) =) Ukilvi)  a=(epr) &
. O
? —_
@ Flavor composition changes as v propagates. :§ 10°°
@ Reducing to simple 2-neutrino mixing:
P(vy — vg) = sin®(20) sin®(1.27TAm*L/E) ;
10~
= Many experiments have hunted for v
oscillations, some have found them!
10—12

w Chris Polly, Moriond EW 2008

10° :

<
Super-K+SNO
Cl +KamLAND

10

http://hitoshi.berkeley.edu/neutrino
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Evidence for v oscillations

- |
NS
@ First evidence came in 1968 from Davis' solar ve @
experiment “= L
g
- found 1/3 of the expected v from sun i
10
-s disappearance ve = Vy :
e Am122 ~ 8x10™ eVZ, sin2(26) ~ 0.8 10 — Atmospheric -
- Confirmed by SNO, Super-K, Kamland 10,3:_ Vu—Vx _'
@ New mixing found by Super-K through 10 L Solar MSW |
atmospheric v, oscillations Ve—™Vx
- found 1/2 as the upward v, as downward 10 1(;3 " 1(;2 " 1(;1 )
.2
- disappearance vy = vy sin"26
e0oF———— T " T 1 T T T T
= Am232 ~ 2><1O_3 evz’ S|n2(26) ~ 10 505_ Beam Matrix Unoscillated ]
- Confirmed by IMB, Soudan, K2K, and most recently ~ _ F o e E
M I NOS 8 E NC Background :
‘ii* 3 —4— MINOS Data 3
@ Only one unconfirmed observation! 5 :
W 20 -
103_ +%-—0—- _f
an T
0—'1.— | e T 1 i i i i | i i i i | L N N N

5 10 15 18 30
Reconstructed E (GeV)
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MiniBooNE's motivation...LSND

LSND found an excess of ve in v, beam

Signature: Cerenkov light from e+ with
delayed n-capture (2.2 MeV)

Excess: 87.9 + 22.4 + 6.0 (3.80)

Beam Excess

Under a 2v mixing hypothesis:
1.27 L Am®
E

0.24540.067 £ 0.045 %

PV —Ve) = sin®(20) sin® (

Chris Polly, Moriond EW 2008

17.5 - ® Beam Excess
15| S P,V
: S pw et
12.5
- B8 other
10 | |
7.5
2.5
0f "’
0.4 0.6 0.8 1 1.2 1.4

L/E, (meters/MeV)
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MiniBooNE's motivation...LSND

@ LSND found an excess of ve in v, beam & _
g 17.5 ® Beam Excess
@ Signature: Cerenkov light from e+ with W : BEE e v
delayed n-capture (2.2 MeV) S 15 ¢ o
) i B pwv,e')n
@ Excess: 87.9 + 22.4 + 6.0 (3.80) @ 125¢ S
@ Under a 2v mixing hypothesis: 10| |
1.27 L Any’ :
PV —Ve) = 51112(29)31112( z - ) 751
= 0.24540.067 £0.045 % o F
o [ T rrrrm TTTT T T T ITT T T TTTT 2'5
> | ] 0 g o
< KARMENZ (90% CL) . 0.4 0.6 0.8 1 1.2 1.4
. L/E, (meters/MeV)
1 E E
- e 9073 @ Other experiments, i.e. Karmen and Bugey, have
L LSND (99% CL) - . .
L LSND (90% CL) ] ruled out portions of the LSND signal
—1
U 1 @ MiniBooNE was designed to cover the entire
- LSND allowed region
10‘2_ Ll |
10* 10° 102 10" 1
sin®219
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Interpreting the LSND signal

e
V3

@ The other two measured mixings fit
2 _ _3 2 conveniently into a 3-neutrino model
Am atm 2.4x107 eV @ With Am ;%> = Am,?> + Am,;?, the LSND
Am? ~ 1 eV2 does not fit

@ 'Simplest' explanation...a 4™ neutrino
V_f_

~8x10 ™ eV~
V“—

e

Chris Polly, Moriond EW 2008
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Interpreting the LSND signal

e
V3

@ The other two measured mixings fit
2 _ _3 2 conveniently into a 3-neutrino model
Am atm 2.4x107 eV @ With Am ;%> = Am,?> + Am,;?, the LSND
Am? ~ 1 eV2 does not fit

@ 'Simplest' explanation...a 4™ neutrino
V__

~8x10 ‘5feV2
V“—

e V V N [ 33 REAE |
35 — W's — 1
@ Width of the Z implies 2.994 + 0.012 light 3 ;_,.5\ i i i
neutrino flavors : s / ¥ DELPHI ]

®L3
@ Requires 4™ neutrino to be 'sterile' oran 5 ¢
even more exotic solution S0

- Sterile neutrinos hep-ph/0305255 15
- Neutrino decay hep-ph/0602083 10
- Lorentz/CPT violation PRD(2006)105009 5 [
- Extra dimensions hep-ph/0504096

87 88 89 90 a1 92 93 04 a5 06
+5 = Epmy (GeY)
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Simple cuts eliminate random backgrounds

70000 E, - No Cuts : -'*’**ml' Tank l1lits>200
m oo | Trote s @ Left: trigger window, no cuts
@ Right: Simple cuts applied PMT

SRR 1.6 S hits in veto < 6 and tank > 200

I T ——— show clean beam window
I @ Removes cosmic u and their decay
o | o electrons

Tao0 -zoo0 o Cz:r:ect:;u;ve::?imeﬁlz:ls] 10000 12000 14000 0000 zooo 0 ‘;?:f;;tsg’giv‘e::qﬁir;‘j?ﬂi]‘ 0000 1z000 1000

~ET T L |

@ Subevent structure (clusters in time) can **°} g
. . . . 200 .

be used for particle identification (PID) 5, E

@ 2 subevent time structure expected for ij‘?; .
. . . O —

most common v interaction in MB: ol E
VM CCQE (charged-current quasi-elastic) 190f E
80 —]

Vy ... B 60L -

l’l' ................. //L 40:_ _:

| - ' .

20} | |

:W o) Sem— | RS T S TN | TR IOPR S DR

0O 2000 4000 6000 8000 1000012000140001600018000

n /\ D Hit Time (ns)
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Tuning Nuance on internal v, CCQE data

%  data with statistic error Before correction
12000 5 L1 (a) (b) (c (d)
e T MC before fitting 2
g os —1.15
10000 — MUC after fitting 0.6 111
0.4 (a) E,=0.4GeV
80008 - systematic error 0.2 4 (b) E,=0.8GeV |08
6000 ] . (c) E~1.2GeV oL
: 0.2 2. (d) Q’=0.2GeV> 1095
40001 0.4 [/ (e) Q*=0.6GeV> oo
- 0.6 - () Q*=1.0GeV?
2000 — 08
:I 111 | 1111 | 1111 | 1111 | | | | | | | | | | | | _1
0 01 02 03 04 05 06 07 08 09 1 0 02 04 06 08 1 12 14 16 18 2

Q° (GeV’) _After correction

cosO

@ Poor agreement at low Q2
@ From Q? fits to MB v, CCQE data extract:
- M,eff —— effective axial mass

-+ E SF —- Pauli Blocking parameter

Beautiful agreement after Q2 fit, even in 2D

@ Ability to make these 2D plots is unique
due to MiniBooNE's high statistics

"0 02 04 06 08 1 12 14 16 18 2

T, (GeV)
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d“a/dpdL, (mb cf{GeV sr))

Pions:

Meson production at the target

HARP P, =8.9GeV
250 F T T T T T T T T LI
200 [ ' #=45 mrad 8=75 mrad .
150 -
100 |
50 _ ¥ SRR
200 | I_f_ e - 4
s b L 6=105 mrad : 6=135 mrad
100 1 ]
50 [ » N .
200 [ Y Yt b ]
150 [ =165 mrad T 6=195 mrad
100 f T _
0 . = oall N . g, — .
1 2 3 4 5 1 2 3 4 5
p.(GeV) p.(GeV) .
HARP collaboration,
hep-ex/0702024
@ MiniBooNE members joined the HARP
collaboration
- 8 GeV proton beam
- 5% A Beryllium target
@ Data were fit to Sanford-Wang

parameterization

Kaons:

K* Production Data and Fit (Scaled to Py, = 8.89 GeV)

e 3, = 0.015

D 1 1 L L 2.5 L L L 5
P. (GeV/c)

k= 0.135

1 1 L
0 2.5 =]

P« (Gev/)

K= #, = 0.225
~ 10
mb
M
N =
P (Gev/¢)
o
10-24 GeV range
o
o

Chris Polly, Moriond EW 2008

B = 0.045

L L L L | |‘ 1
0 2.5 5
P. (GeV/c)

B =0.175

L1 =i
] 2.5 5

P« (GeV,/c)

Aleshin 9.5 GeV
Allaby 19.2 GeV

* i+ 8 O

Marmer 12.3 GeV

Kaon data taken on multiple targets in

Fit to world data using Feynman scaling
30% overall uncertainty assessed

¢ Voronsov 10.1 GeV
O Abbott 14.6 GeV
Dekkers 20.9 GeV * FEichten 24.0 GeV



Optical Model

Chris Polly, Moriond EW 2008

Beam Flux
Prediction

i

X-Section
Model

Y

Optical
Model

Point Source
Recon

f¢

Simultaneous
Fit to\r'u &Ve

Track Based
Recon

f¢

Pre-Normalize
toVy;; FitVyg
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Light propagation in the detector

o i . ; Timing Distribution for L E
Extinction Rate for MiniBooNE Marcol 7 Mineral Oil e iming Distribution for Laser Events ,

100 T T T T T T T T T T

—— JHU lcm Oil-Water
—— JHU 1 em Qil-Cyclohexane
FNALlcm
---- FNALZcm
. e s | =zmme FNALS5 cm 10 B
10 = — FNALlOem u
— = MiniBooNE 1.6 m
-\'. @@ MiniBoolNE 1.6 m variable length
'\I : — — Rayleigh Scattering (Isotropic)

2l \ . . Rayleigh Scattering (measured isotropic)

Hprompt light

late-pulsing

dark noise reflections

10 F

Rayleigh Scattering (anisotropic)

T \ Sum of Fluorescence Rates
| b o —— Floor 4
|| 1 ~ — Floor 3

e, Fluor 2

- || \ __.Q @ —— Floor 1

0.1 hw”\hf““

scattering (tail)

probability/(0.31 ns)
|

T T
I T T TIT0TT

Extinction or Fluorescence Rate (1/m)

0.01

T T IIIII1
E
__'\.
=S ;
¥ f 1
]
I
I
]
!
I
OI
.
I

IIIIr
III
@
]
I
IIII[
L

i v v v v b e e e
0 o o T8 T5n -40 -20 O 20 40 80 BO 100
corrected time (ns)

=

Wavelength (nm)

Michel electron t distribution

@ Optical model is very complex gmﬂg - -
- Cerenkov, scintillation, fluorescence %10{575 & eo%
-& PMT Q/t response §1O_3§_
=s Scattering, reflection, prepulses %10_5

@ Overall, about 40 non-trivial parameters :’wf

-40 20 0 20 40 60 80 100 120 140 160
Time of PMT Hit (Vertex corrected) [ns]
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Boosted Decision Tree (BDT)
Reconstruction and Particle ID

Chris Polly, Moriond EW 2008

Beam Flux
Prediction

i

X-Section
Model

i

Optical
Model

Point Source

Recon

'

Simultaneous
Fit to\fu &Ve

N

Track Based
Recon

f¢

Pre-Normalize
to VH; FitV;
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o

o

9

BDT Reconstruction

Same pre-cuts as TBL (taking R from different reconstruction)

Different reconstruction:

BDT Resolution:
vertex: 24 cm
direction: 3.8°

= Treats particles more like point sources, i.e. not as careful about dE/dx  energy 14%

- Not as tenacious about getting out of local minima, particularly with

pion fit, but runs 10 x faster

TBL Resolution:

To make up for the simple fit, the BDT analysis relies on a form of  vertex: 22 cm
machine learning, the boosted decision tree. gyron p. Roe, et al, direction: 2.8°

NIM A543 (2005) 577. energy 11%

Boosting Input Variables:
- Low-level (# tank hits, early light fraction, etc.) :::::_ IH.. W core
— High-level (Q2, U,, fit likelihoods, etc.) | v, CCQE
-+ Topology (charge in annuli, isotropic light, etc.) j:::_ " Evisible Examples
A total of 172 variables were used |
All 172 were checked for agreement within ccqe o kit oneney (GeV, ;I‘i

errors in 5 important 'boxes' (v, CCQE, NC =0,
NC-elastic, Michel decay e, 10% closed)

Boosting Output: Single 'score’, + is signal-like

Chris Polly, Moriond EW 2008

8000
6000

4000

2000

T b b b b Lo b Lo Lo
9-1 08 -06 -04 -02 -0 02 04 06 038 1
v“CCQEcoseu
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BDT Analysis: Signal/background regions

[ non-oscillation events . . .
I+~ oscilation events @ Signal prediction (red) versus all bkgs (gray)

signal selection cuts

—
(%))
TTTT 77T

sideband selection cuts

Boosting PID score
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BDT Analysis: Signal/background regions

20,
c [ non-oscillation events . ..

150 B . > oscilaton events @ Signal prediction (red) versus all bkgs (gray)
Z_ signal selection cuts . . - 1 .
- " sideband selection cuts @ Start by looking at data in 'sideband'...region

immediately adjacent to signal region

Boosting PID score

]
2900 o g0 BO, PID sideband
% 450 ¢+ baa z ot
wo — Monte Carlo T »%dof = * Daa
2001 2000/ 1idof=76/8 . o
E sideband region (300-1600 MeV) L Prob. = 47.4% I ve from K"
350% statistical errors only F v, from K®
E r =@ misid
3005 1500~ dela
E L W
250:_ r other
20°i L Const Syst. Ermor
150C —
1005
50
ool b L e v oy ol b v b b b
-10 -5 0 5 10 15 20
Boosting PID Score ECSE (GeV)
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BDT Analysis: Signal/background regions

20. @ Signal prediction (red) versus all bkgs (gray)
- [ non-oscillation events . .y ' .
15 I .. oscilation events @ Start by looking at data in 'sideband'...region

10~ signal selecton cuts immediately adjacent to signal region

sideband selection cuts

@ Satisfied with agreement? Finalize background
prediction

@ In 500-1200 MeV range: 603 bkg, LSND
best-fitv -v 203
YTV S/sqrt(B)=8.3

Boosting PID score

o 500C
et - -
c E Monte Carlo Prediction - v,
[« 1] -
> 450
: - w C
ol R A R N R R R N B R BRI L1 C .\,.'efrom!_l
0.5 1.5 2 2N 3 400 .
C v, fromK
500 a 2500 350F v, from K°
=S E BOY, PID sideband -
9 450 + Data I% [ " misid
w C _ = 2 e Data
400C Monte Carlo mf :ifd:f =:_‘.’64/;/8 - delta
E sideband region (300-1600 MeV) L rob. = 47.4% W ve from K* )
3501 statistical errors only r v, from K° . dirt
E r 7@ misid
300F 1500~ defta other
F | [l
25°: other
20°f Const Syst. Error
150( —4
100C i
50°
ob b Lo b B o L PCo 0 nnnnllonnnllnnonllnnnnllon.s
-0 -5 0 5 10 15 20 0.5 1 1.5 2 25 3
Boosting PID Score ESE (GeV) Ly | fee————l

04 06 08 1 1.2 14 16
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Systematic Error Analysis and Results

Chris Polly, Moriond EW 2008
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Final error budget (diagonals only...greatly simplified)

@ Every checkmark in this table could
easily consume a 30 minute talk

- All error sources had some in situ
constraint

- Some reduced by combined fit to v,
and ve

)

Chris Polly, Moriond EW 2008

Source of uncertainty TBL/BDT Constrained Reduced by Beam
on v background  errorin% by MBdata tying v, tov,

Flux from n*/u* decay 6.2 / 4.3 v v

Flux from K+ decay 3.3/ 1.0 v v

Flux from K° decay 1.5/ 0.4 v v i

Target/beam models 2.8 / 1.3 Vv |

V-Cross section 12.3/ 10.5 v v R hecon

NC n° yield 1.8/ 1.5 v i’ 'L

Dirt interactions 0.8/3.4 v

Optical model 6.1/ 10.5 v v _Y__ ¥ _

DAQ electronics model 7.5/ 10.8 v ot ot e
@ Errors arise from common uncertainties

in flux, xsec, and optical model

Reconstruction and PID unique
= BDT had higher signal-to-background
=% TBL more impervious to systematics
- About 50% event overlap
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BDT/TBL sensitivity comparison

10°F
; @ Sensitivity is determined from

- " simulation only (no data yet!)
— MiniBooMNE 90% C.L. sensitivity

---- BDT analysis 90% C.L. sensitivity Q Decided before unblinding:

- Final PID cuts

—h
o
au

- Region of E, to fit

- Analysis with higher sensitivity
would be the final MB result

@ TBL (solid) is better at high Am?2
@ 90% CL defined by Ax2 = 1.64

IAm?l (eV¥/c?)
-
I

—
S
'l

] LsnD90% C.L.
- | ] LSND99% C.L.

| | 11 | | | L 111 | | | | 11 | | L 111 |
10
107 102 10" 1
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Analysis/publication status

@ New analysis structure @ 12 other analyses being finalized
= 2 analysis coordinators <= NC elastic x-section
- 10 analysis teams = Combine 2 oscillation analyses
@ 4 Papers coming out in support of the = Combination with Karmen/LSND/Bug
oscillation analysis == NuMI events in MiniBooNE
-= NC 70 background measurement - CCrn+/CCQE x-section ratio
- v, CCQE analysis - v, disappearance limit
<= flux NIM - Extending to lower E,
= detector NIM = v, e- elastic scattering

n :
reconstruction NIM - Coherent/resonant © production

- Reconstructing the A

-= Anti-neutrino oscillations
= Tandem LV model after MB

Chris Polly, Moriond EW 2008 54



MB cross-section analyses from NulntO7...

? W CiQE - v, CCQE Q2 distribution (hep-ex/0706.0926)
'.’I 3 14000
= ! |
\/ _> E 12000 _E
W+
n ———’_-‘\\\ -I] 8000
a NC TEO 6000 g |
"z\/ ! mi-i---! =
'Z S TR v e

) 1 0
p-""<EP s Q* (GeV?)
@ 198,000 events allows for detailed 1
and 2d kinematic views

v @ Agreement between data (points) and
Vu ~_— " MC (solid) after fitting for modified
Fermi gas parameters

P——p @ 'Golden channel’ for normalizing flux X

xsec in oscillation analysis _
T. Katori, Nulnt07
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MB cross-section analyses from NulntO7...

@ v, CCQE
\ft, I
W+
n p
@ NCn0
v V;
Z
" rt; > VY
@ NC elastic
v, v,
70
P p

NC =0 fits to resonant/coherent fractions

N C w

0 1600 i £ F

> = 0 1400

= 1400 | + Data o

> C . 1200 0

<1200 — Full MC Fit = n° 19.5% Coherent
% 1000 Resonant 1000 Fit C.L. = 5.97%
> e — Coherent

= 800 [ — Background

2
(=
o o
%

0.1 0.2 0.3 0.4

Yy Mass E (1-cos 0)

@ 28,600 events, largest sample to date

@ For MB flux and Nuance model we find
that (19.5+1.1)% of exclusive NC =0
production is coherent

@ Very important background for
oscillation analysis

J. Link, Nulnt07
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MB cross-section analyses from NulntO7...

@ v, CCQE ) NC elastic absolute cross section
Vg [ -39
L ——
+ NC Elastic Data
+ 5 '
W e BNLvp— vp Data
n p 4 ; Detector Errors
. " Xsection Errors
@ NCn0 % 3# - Beam/Flux Errors
v v, *-_é i g Preliminars
o[ —— i
// i ;
- vy i R
P P 1~ ' z —
- mmms
@ NC elastic R e - s - R T
v KE Estimator [GeV] (= Q%/2)
v .
2 . @ Data shown is 10% of total sample
ﬂ I .
V4 @ Comparison to BNL E734
P p @ First differential cross section from MB
D. Cox, Nulnt07

Chris Polly, Moriond EW 2008
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Update on the low E excess...

Ev QE MeV] 200-300 300475 475-1250
totalbackground 28425 274+21 358t35 (syst.emnror)
V_ntrinsic 26 67 229
v, mnduced 258 207 129
NC T¢ 115 76 62
NC A->Ny 20 51 20
D it 99 50 17
other 24 30 30
Data 375+19 369+19 380+19 (stat.error)
DataMC 91131 95%28 22+40 (stattsyst)

]

e NC ° largest

 Dirt background
significant

* NC A-Nyfalling off

* Three main:
— NCT°
— Dirt bkgnd
— NC ANy

e Intrinsic v, negligible * Intrinsic v,

small

]

Intrinsic v,
largest

NC 10 significant
¢ Others small

* Systematics/backgrounds at low E still under study...

w Chris Polly, Moriond EW 2008
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Decision tree example ..Variable. 1

(sequential series of cuts

(NsignaI/kagd) :>

.

based on MC StUdY) w Var j,asbglﬁdw& ‘i g/_Me/ T e
= bkgd-like

si.

g

& 9755/23695 .
%fwﬁimhmmﬁ . Variable 3

1906/11828

@ Optimal cuts on each variable are
determined

@ An event gets a weight of 1 if signal
-1 if background

@ Hard to identify backgrounds are
iteratively given more weight

@ Many trees built

'@?t:;/////wbkgd_nﬁﬁmsnﬁ36%
sig-like ! 2 ﬁk

7849/11867

sig-like pkgd-like

204553417
9790/12888
etc.
1388883384888

This tree is one of many possibilities...

PID 'score' established from a-seirpia

Chris Polly, Moriond EW 2008
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Incorporating the v, constraint into the errors

Two Approaches

TBL: Reweight MC prediction to match measured v, result
(accounting for systematic error correlations)

BDT: include the correlations of v, to v, in the error matrix:

WAL 2 ret 1
X°=(AF Al J{’ije J{ij
ME© MEH

. 17
where AY¢ = Data’® — Pred’*(Am?, sin® 20) and A}

Ve
Aj

Yy
AJ'

I/ 1/
— Dataiju — Predi”

|

Systematic (and statistical) errors are included in (M),

where j, jare bins of E %

w Chris Polly, Moriond EW 2008
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Example: Underlying X-section parameter errors

(Many are common to v, and v, and cancel in the fit)

)

M, e sf 6%, 2% (stat + bkg only) determined from
QEcnorm  10% MiniBooNE

QE o shape  function of E, v QE data
v./v,QEc function of E, "

NC n° rate function of ©° mom determined from
M, cohc  +25% MiniBooNE

A — Nyrate  function of y mom + 7% BF v, NC 7° data
Es, D 9 MeV, 30 MeV

As 10% determined

M, 1 25% from other

M Nz 40% experiments
DIS o 25%

Chris Polly, Moriond EW 2008
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Extracting the OM systematic error

» external measurements essential

e finish with p decay events (low-energy electrons)
(~unlimited supply and fast to simulate)

o Vstart, 600 Michels per MS . constraints from all plots, 5000 Michels per MS
£ . = : _ ."\\l
> use a Monte Carlo method ¢ : e 7\
to reduce uncertainty: 22 £ 4 \
‘;-1 08 -06 04 02 0 02 04 08 08 ;1 :[)_3 -D_B:‘_d -D.;?I_-_D -IH0.2 ‘Ofdlﬂ.BI”G.B“i
> compare data/MC events B
in relevant distributions R
for many allowed models fox
> de-weight disallowed v B S
regions of model space Vstar 600 Michels per S e e e
> NC elastic events help out il
with scintillation i
corrected fime, old tubes A0 B i 00 11O R0

, starting uncertainties in (near) ending uncertainties
Chris Polkf, Mogtond B #0bns 62



“*Multisim” approach to assessing systematics

@ A multisim is defined as a random draw from the underlying parameter that
is considered allowed

@ Allowed means the draw does not violate internal or external constraints

@ Draws are taken from covariance matrices that dictate how parameters are
allowed to change in combination, imagine Cerenkov and scintillation as
independent sources of light but requiring the Michel energy to be
conserved

@ For flux and X-section multisims can be done via reweighting, optical model
requires running hit level simulation

1000 multisims for 70 multisims
K+ production Optical Model
80 B
N 5
B w -
60 i
N 4 .
numbgr of 40 [ - red line:
multisims - , [ standard MC
20
u 0
700 750 60 80

Number of events passing cuts in bin 500<E ®<600 MeV
Chris Polly, Moriond EW 2008 63



Optical model error matrix

_ | a cv Y,MC cv Y MC
E;, = M%Q\Ii - N, XVJ'NJ

Correlations between
E % bins from

the optical model:

* N is number of events passing cuts
« MC is standard monte carlo

e 0 represents a given multisim

« M is the total number of multisims 4
«i,j are E % bins v

e

Total error matrix is 1
calculated from the sum
of 9 independent sources V

L

TB: v_—-only total error matrix

BDT: v, -v, total error matrix -

w Chris Polly, Moriond EW 2008
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Simple cuts eliminate random backgrounds

70000 E, - No Cuts : -'*’**ml' Tank l1lits>200
m oo | Trote s @ Left: trigger window, no cuts
@ Right: Simple cuts applied PMT

SRR 1.6 S hits in veto < 6 and tank > 200

an0o0 |- i .
e T ——— show clean beam window
I @ Removes cosmic u and their decay
o electrons
-4000 -2000 0 Cz:r:ect:;méve:tﬂl{?imeﬁlz:lsj 10000 12000 14000 qmmg —2000 0 Cz:::eﬂ::’ugve:‘uq?imea?ru‘ll 10000 12000 14000

NS - T

@ Subevent structure (clusters in time) can **°; _\ E
. . . . 200— 1201~ 3 -

be used for particle identification (PID) 4" 1 7

@ 2 subevent time structure expected for ij‘?; F 1
. . . 01— —]

most common v interaction in MB: 150F- 1 ]
vy CCQE (charged-current quasi-elastic) ' e N
80— —]

Vy ... - 60f- -

A /’u 40— =

| - ' .

20/ .| g

:W [}) SEu— I AR R el by Ly 1

0O 2000 4000 6000 8000 1000012000140001600018000

n/\ D Hit Time (ns)
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MiniBooNE analysis structure

v Start with a Geant 4 flux prediction for the v
spectrum from © and K produced at the target

v Predict v interactions using Nuance

v Pass final state particles to Geant 3 to model
particle and light propagation in the tank

v Starting with event reconstruction, independent
analyses form: Boosted Decision Tree (BDT) and
Track Based Likelihood (TBL)

v

v Fit reconstructed E, spectrum for oscillations

w Chris Polly, Moriond EW 2008
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Tuning the optical model

Using Michel electrons...

P _, T Using NC elastic v interactions...

<) | « () . . . I(\|

U / U _ v

./ \ _ = 0.44F
s r *  Mar05 ' '8 T Data |
5 F ° o o = 0.425 . Novos (extinction) T
g 1157 e Nov0s (e)ft"..'d'(_m) = 0.45 —=— Apr06 (scintillation) ——
= - = Apr06 (scintillation) > 0.380 —— May06 (fluorescence) _+_
< F v Mayo06 (fluorescence) e C ——
s 1 , X .36 e
s - Inward (U er < -0.5) Outward (U er >0.5) o 0 342_ _:__*_
5ot - Sosz, . =+
S [ e, f | £ S .
5 [ = DU SR R (NS o = 0.3 -
N il s — e T = £ E
g TR TR 5 0.8 L
[a% R B -+ : | e —r — —3— ——
0.95] o o 0.26p —— ==
C | | | ! ! c 0 24:_ — . e
400 200 0 200 400 Qo Y.ear —e %
ReconstructedR(XSignofU.r)[cm] "5' Evovo b b b b b v P by g
@ 40 60 80 100 120 140 160 180 200 220
L

Number of PMT Hits (- Energy)
@ |Initial optical model defined through many benchtop measurements
@ Subsequently tuned with in situ sources, examples
- Left: Michel e populate entire tank, useful for tuning extinction
- Right: NC elastic n interactions below Cerenkov threshold useful
for distinguishing scintillation from fluorescence

w Chris Polly, Moriond EW 2008 67



Calibration sources span various energies

Calibration Sources
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Checking signal sidebands

— Monte Carlo Simulation
® Data
— Monte Carlo m° only
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w*/ndf= 5.7/8
p=0.69
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Checking signal sidebands
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@ Region at low log(L./L)

events/bin
Igl T Igl T

8

40 50 60 70 80 90
mass (MeV/c?)

— Monte Carlo Simulation
® Data
— Monte Carlo m° only

invariant mass

Chris Polly, Moriond EW 2008



events/bin

@ Region at low log(L./L)

@ Region at low invariant mass
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Checking signal sidebands

w*/ndf= 5.7/8
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events/bin

Checking signal sidebands

@ Region at low log(L./L)
@ Region at low invariant mass
@ Region in signal, but at high E,

Prediction and data for high energy electron-like events
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Blind analysis in MiniBooNE

@ The MiniBooNE signal is small but relatively easy
to isolate

L #]

As data comes in it is classified into 'boxes'

@ For boxes to be opened to analysis they must be Other
shown to have a signal < 1o

@ In the end, 99% of the data were available prior to
unblinding...necessary to understand errors
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Modeling pion production

" HARP (CERN)
5% A Beryllium target
- 8.9 GeV/c proton beam momentum

HARP P, =8.9GeV
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Data are fit to
a Sanford-Wang
parameterization.
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