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First....

® We hope to have a preliminary beam v

oscillation result soon - O(1 month)
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| MINOS Experiment

® Main Injector Neutrino Oscillation Search

» Improve Am? and sin?(20) measurement in v, disappearance
P(vy = vy)=
» Improve limit on vp—ve 1-sin*(20)sin*(1.274m*L/E)

® [ong baseline: 735 km

» Neutrino beam from Fermilab “

» 2 Detectors: Near at FNAL, Far in Soudan, Minnesota ‘

® Atmospheric v’s in Far Detector
» Magnetic field allows differentiation of u and p*

» Compare disappearance of v, and v, =» CPT test
hep-ex/0512036 - to appear in Phys. Rev. D
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Expected MINOS Reach

® Monte Carlo sensitivities for different
total Protons-on-Target (POT)
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Total nominal run is 12x10%" by 2009
v disappearance: Significant step 1n

precision on Am?

Ve appearance (013): Improvement over
CHOOZ limit vs. POT
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« NuMI Beam
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® Neutrinos at the Main Injector
» Parabolic magnetic horns focus hadrons

» Energy spectrum tunable by changing
target position
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» Up to 10us neutrino spill every 1.9s

Hoool el e _
00000274 6 8 10 12 14 16 18 20

Energy (GeV)
Absorber Muon Monitors
Target D - 1 l
ecay Pipe
\ Target Hall y X1p r Y
120 GeV S T | Sl BT | RS
protons N =
—b__g_ T __._________._
From #]
Main Injector Horns#Z N o) 1 5 Dll
ith, Vs —— - ‘) | -___;__d__y_______’
10 m 30m 1
675 m — . Rockl Rock Rock
. 5
Hadron Monitor " 12m  18m  207m

Peter Shanahan - Fermilab Recent Results from MINOS La Thuile, March 7,2006 5



N

® Planes of Scintillator and
Magnetized Iron

MINOS Detectors

1 an L\ - /;g-

1.0 cm x 4. 1 cm extruded polystyrene scindllaror

» 2.54 cm thick Fe (~1.5T) ~_ Scintillstor Module

» 1 cm thick scintillator

WLS Fibers

WLS Fibers

» 4.1 cm transverse segmentation

-6 m)

e(2

-Optical Connector 8m Optical Connector7

® Recad out via Wavelength
Shifting Fibers into Multi-
Anode PMTs

Optical Connector

Clear Fiber Ribbon Cable (2-6 m)

Clear Fiber Ribbon Cabl

o

Objects not to scale

N\,
S PMTs
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© MINOS Detectors

® Near Detector: >
980t, 100m underground

Partially Instrumented

High-rate electronics

4
4
<
4

Strips read out at one end

™ e Far Detector:

Y » 5400t, 710 m underground

» Fully Instrumented

» Veto Shield for Atmospheric v studies
» Strips read out at both ends
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|y Signatures in MINOS

Strip vs Plane view - U Planes vV C C .
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Q| Near Detector Slicing

® Near Detector has multiple events per 10us spill

» Spill data are sliced in time and space before reconstruction

“One :spiil |

uﬂ 1 2 ] 4 5 ] T E 3 W

Peter Shanahan - Fermilab Recent Results from MINOS La Thuile, March 7,2006 9



w

Calibration

® Near/Far and Intra-detector § 100+ e’
. . o i O
calibration 2 [ op"
5 80- e
» Use cosmic muon response 2 T

o R e @ @ ® 8 @

. . = pauitone
® Absolute calibration § 0o,
Pl fuifunw wow % % % 0% "
» Calibration Detector at CERN R - [
Available E {GeV)

e 60 planes, Im x Im 0_3:_ g oo
+ + i or
» p, T, kaons, e, u 0.6l '5! wp*

4 Compare Irespons

Peter Shanahan - Fermilab

e in Data & MC

0.4

Resolution

02 %,
i e

3
g
i;';.'f‘l‘i

w

*

Recent Results from MINOS

La Thuile, March 7,2006

|
10
10




®| Beam v Data Taking

® [st Neutrinos in January 2005

Near Detector neutrino daily event rate/10'8

® [st run: March 2005 - February 2006 protons-on-target
» 1.4x102° Protons-on-Target Less than 10 Ge\/(lg)ot;;g;ql)o GeV and above

40000 —————
. LOW Energy SpeCtrum: 6 E 5105 6/05 7105 8/05 9/05 10/05 11/05 12/05 1/06
. ) B 35000 "
» Best overlap with Atmospheric 2 | 5 et siseder: & {
: ¢ 30000f— gﬁ& 4
Disappearance scale at 735 km ~ § 300f -
] i - !
baseline 250005 50 _ |1do 150 200 250
“ ’ Days Since May 1, 2005 (Erm <10 GeV)
® “le20” Data set N A
> Fil‘St beam v OSCﬂlatiOIl analysis 'g): :zﬁggésm 605 | 7/05 8/05 | 9/05 | 1005 | 1105 | 1205 | 1/06
underway with 0.95x10%° protons 2 oo {
on target R S s e e B o e
8000 E ' ' ' ' '
} May - December’ 2005 0 %0 Days Sin?:%OMay 1,206550(Ermz10282\:') 250
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© Analysis Sketch

® (Compare Far Detector v, CC spectrum to

3 I I I 1 1
. o 8
expectation Soh " —No osc. _
» Fit for Oscillation Parameters u [ | Am?*=2x10 eV? _|
. - . . ) e—sin(260)=0.9
» Constrain uncertainties on expectation with External Information, | 1 Far Detector

Near Detector and Beam Instrumentation i MC ]
» Near Detector constraints can be explicit (fit parameters or — _[-*IFTFI . —
adjustments to MC), or implicit (direct extrapolation to Far Detector) | i I'HH‘“ TRyl

| | 1 1

Neutrino

Hadron Near :
Interactions

and Muon Detector
Monitoring Spectra e
Detector Detector Oscillations

Calibration Response Spectrum

Detector
Hadron

Production
and Focusing
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PDF PID parameter distribution for true CC and NC events

Events

CC Event Selection

narge Current Pre-selection:

Probability

» Events with tracks (CC Muon), Vertex within fiducial

3000 -
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. Resulting

- MCPID
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95

PR I P | |
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PID parameter

volume, event timing consistent with Beam Spill.

® CC/NC Separation: Likelihood-like “PID”

Based on PDFs of 3 basic reconstruction quantities

MC Track
Pulseheight
Per Plane

0
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Track pulse height per plane

Probability

<
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r — True CC

10
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MC Track
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Track pulse height fraction

13 parameter Artificial Neural Net gives consistent results
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Blind Analysis

® The MINOS collaboration has instituted a Blind
Analysis Policy

® Near Detector Data set 1s fully open (no blinding)
® Far Detector Data set 1s partially blinded:

» Most events are excluded from direct study, according to an
unknown function of basic energy-related reconstruction
parameters

» Permits meaningful Far Detector Data/MC comparisons for
quantities that correlate weakly with neutrino energy.

» Total sample will be opened once we are satistied with studies

Peter Shanahan - Fermilab Recent Results from MINOS La Thuile, March 7,2006 14
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Timing of Cosmic Ray and Neutrino Candidates Far Detector Data:
Selected using event topology only, within 100us window of beam subjected to blinding

Far Detector v Timing

MINOS PRELIMINARY

MINOS PRELIMINARY

22 Entries 159
20
20 Mean 3.664
18 Neutrino candidates RMS 2.627
] 15— :

16 ‘ Events with
Cosmic muons

14 tracks passing

12 Events with 10— Neutrino event

10 tracks | topology

N A o @

(=]
Ea=s

’J-L"J-”-I_‘ |J-|| \ L-"Hr’l:l |J-| FH]J-‘FH]'I—L”J-I" 6"'40'|I\30|‘||20||||10 0 .10,,||20\||\30|\||40|||\50
U Time relative to SpillServer prediction (us)

%e relatlve to SplIIServer predlctlon (us) NO de l‘ec ta b Ze COS]/}/liC

Cosmics

identified by background after topology cuts

topology alone
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® Far Detector v Candidates

Track angle with respect to detector

Transverse Vertex Position axis: Pointing to Fermilab

MINOS PRELIMINARY
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Far Detector Events
vs. Time

® Far Detector neutrino rate tracks
well with Protons on Target

MINOS PRELIMINARY

& 10 - .g
T 9 350 $
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® Neutrino interactions

Systematic Effects

» Neutrino cross sections, nuclear effects

® Detector response

» Calibrations, detector simulation, reconstruction, event selection

® Beam modeling - flux extrapolation
» Far Detector sees point source, Near Detector sees extended source

» Hadron production and focusing

Detailed Studies of
Each Are in Progress
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Detector Modeling

® Near Detector:10s of thousands
v events/day in ~17 t fiducial
volume. Detailed studies of:
» Detector Response
» Interaction Physics
» Beam Modeling
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Near/Far Comparisons

Near Detector
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< Beam Modeling

® Hadron Production:
Fluka’05
® Hadron tracking and

non-target interactions:
GEANT3

® (Constraints

“High” Energy
Beam Setting

/ “Medium” Energy

Beam Setting

“Low” Energy
Beam Setting

N

Q

Q
L

M MINOS Data

» External experiments, beam J Colcutated v fus

component modeling, hadron
and muon monitors, Near
Detector

—
o
o

| 10 20 30
» Coming Soon: Results from E, (GeV)

MIPP - MI hadron
production experiment

CC Events / 0.5 GeV / 10" P.O.T.

§ -—L
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< Beam Tuning

Tuning to Near Detector:

- i
» Parameterize Fluka2005 in xr, Pt 22000_—
» Range of parent hadron (xr, Pt) and ® i LET0/7185kA
mapping to Ey changes with beam __;'_’_1500'_
configuration: = I * MINOSND Data
O I —
> Vary parameterization simultaneously 34000k F'i|2<22260705
in different beam configurations to % I
maximize agreement of MC and Data = - — Tuned Hadron
Q Production
» Substantial Improvement In All u:’j 500¢ x*=93
Configurations . I
8 Nominal Beam O .

[ R T N I T TR T T N
Configuration: % 10 20 - 30
Low Energy Reconstructed E, (GeV)
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Beam Tuning

Low Energy
Target Position/
Low Horn Current

Peter Shanahan - Fermilab

1500

CcC EventsIO.S_‘GeVI1 e18 POT
(4 ] (]
o o
o o

LE10/170kA

e MINOS ND Data

—  Fluka 2005
x2=123

— Tuned Hadron
Production
x?=57

..'A....u.
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L L
10 20
Reconstructed E, (GeV)
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Beam Tuning

i LE10/200kA
2000

e MINOS ND Data

—  Fluka 2005
B x2=125

1000

= — Tuned Hadron
Production
x?=60

5 GeV/1e18 POT

CC Events/0

Low Energy
Target Position/ o

High Horn Current O "0 20 30
Reconstructed E, (GeV)

.
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Beam Tuning

I_ L
04000/
= - LE100 / 200kA
E -
=3000
~ - e MINOS ND Data
. Fob) B
Medium En.e.rgy . i —  Fluka 2005
Target Position 2000 x'=418
B -
‘E B — Tuned Hadron
Q i Production
U>J1 000 x2=136
3 .
o ! ! ] ! | ! ] |:_‘-_| | L 1 | et s
% 10 20 30
Reconstructed E_ (GeV)
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Beam Tuning

- i
High Energy £4000- LE250 / 200kA
Target Position < |

§3000_— e MINOS ND Data

> i

() i —  Fluka 2005

‘22000 =177

_E E — Tuned Ha.dron

210001 g

O i

O | | | | | | A A . | i I I 1

% 10 20 30

Reconstructed E, (GeV)

Peter Shanahan - Fermilab Recent Results from MINOS La Thuile, March 7,2006 26



« MINOS Status

® (Current Analysis - Results soon! é’- 120 Sesiiy
» 0.95x10?° Protons-on-Target (data through *™ 90% CL
Dec. 5, ‘05) °:::::
® [st Run Through Feb. 26, ‘06 — *
» Start of Fermilab Shutdown 0:?::

» 1.35x10%° Protons-on-Target in nominal LE  eeog5-——g5——55——55—555505~—

beam, 6x10'® in other configurations TE20: MC Staistical sin’20
: Uncertainty For
» We hope for a full analysis by summer 2006 e
® Restart beam data taking in June ‘06 sin’(20)=0.931

» Hopefully with somewhat higher intensity
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Conclusions

The MINOS experiment has been taking beam
neutrino data for the past year.

Our analysis of our first 1x10%° Protons-on-target data
set 1s well underway, with much recent progress.

We look forward to a significant preliminary
measurement of Am?23 soon.

Analyses of v, disappearance, and many other topics,
continue
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