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@ MINOS Overview

» Main goal of MINOS: measure
oscillation parameters in 2—3 sector.

Soudan

Duluth .

» Purpose of Near Detector:

e Measure unoscillated beam
spectrum.

Madison

e Understand cross section and
detector modeling.

» Near Det. has large event samples.

— Can be used to study neutrino (and

antineutrino) interactions and cross Two detectors: near detector at Fermilab (L~1km),
sections. far detector at Soudan MN (L~735km)

» Focus of talk: cross section measurements using MINOS near detector sample.
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Fermilab’s NuMI Beam

» Movable target, allows three beam

9
configurations, LE, ME, and HE. ;0.14X-1-0|'---|
» Majority of data (~ 95%) taken in low - | Beam MC L=
O o012 .
energy configuration (LE-10). 80_
e LE-10 Event Composition: 92.9%uv,, % SARE ;
5.8% v, 1.3% (ve + Te) g 0.08 - :
Near Detector CC events (thru Oct. 2006). % 5 )
(D .
Beam | Target z (cm) CC Sample ?
LE-10 -10 21 x 108 (v) §°-°4 .
LE-10 -10 1.7 x10% (7) L(')J 0.02fF .
ME -100 1.9 x104 O oo
i 4 0 2 4 6 8 10 12 14 16 18 20
HE 250 3.7 x10 Energy (GeV)

Total Exposure of 1.7E20 PoT

» MINOS LE-10 near detector data — largest data sample for neutrino interactions in
this energy range to date.
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Magnetized tracking calormeter

» 1cm thick planes of scintillator

(4.1cm wide strips). steel
» Sampling every 2.54cm steel.
. scintillator
e Coarser sampling in
downstream spectrometer
region (every 5 planes of ~ Strips N
| orthogonally]
steel) oriented
» Magnetized steel plates
(B) =1.2T
4.8 m
3.0m
' 1.2m 2.4m 3.6m 7.2m
+— < > < > <
VETO | TARGET gﬁgs\%\{
3.8m
PARTIALLY INSTRUMENTED REGION
. v « > <
Coil Hole Steel Plate LEETIHE (DC%VX';?ERSEKWPUNG)

Beam Fiducial Region
Instrumented Region

(FINE SAMPLING)
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Contributions to Neutrino Scattering

OTOT = OQE + + oDIS

Quasi Elastic (QE)

vn — u"p, Up — putn

v(v) scatters off an entire nucleon.
vN — vN*

vpp(n) — p~ 7 p(n)

Vun—%/[_ﬁop

Excited nucleon decays into low

multiplicity final states.

Deep Inelastic Scattering (DIS)
v(T)N — p~ ()X

v(v) scatters off nucleon constituents.

These contributions are not precisely

known at low energies.

Total cross section features:

0 /E x 10”8 cm?IGeV (Isoscaar)

0 /E x 10”8 cm?IGeV (Isoscaar)

1.4 |
1.2 |

1L
0.8 |
0.6 L
0.4 |
02 |

(0]

0.6

0.5 r

0.4

0.3

Total Cross Section

\Y DIS
Quasi-elastic

Resonances (Rein-Segal)

1 10 100
EV

— Total Cross Section
V DIS
Quasi-elastic

Resonances (Rein-Segal)

1 10 100
EV

e £ rises at low energy due to contributios from QE and Resonance processes. (both
saturate a low energy- few GeV region).

e At high energy  is roughly flat and dominated by DIS.
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CC Cross Sections in MINOS

» MINOS coarse-grained detector is not ideal for identifying individual final state particles
— except for p.

e Look at inclusive CC cross section and DIS cross section.

e Energy dependence of total CC cross sec- o DIS Cross Section and Structure Functions
tion (range ~5-50 GeV).

e
— 5|
10 5L
S
&

NuMI/MINOS ==
BEBC WBB —=—
GGM-PS —o— i
IHEP-JINR —e— | 10 3]
SKAT +—&8— 8

ANL ——x— r

CRS —e— A 10 z;‘
GGM-SPS —v— F
BNL 7ft ——<— -
CHARM-NBB —e— | 10
CCFR 85 —eo— E
CCFR 90 —&— 3 L
CDHS —e—

109

0 /E x 108 cm?/Gev

CCFR 96 —— | .
IHEP-ITEP —— 10 |

40 60 80 100 120 140 x

x Existing data is of limited precision >10% * New kinematic regime for v N SFs

% MINOS range covers interesting low energy * High-xlow Q2 : Good coverage in charged-
region where all three process contribute. lepton scattering, but little neutrino data.
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Charged-Current Neutrino Scattering

10°

-———————
interaction type, NEAR

» DIS is the largest contribution to

=
the MINOS event sample. 150 .
DIS 62%, RES 21%, QE 17% 100 B Qe

e For £, > 5 GeV, DIS is the
dominant process.

N

o) o

o (@)
IIII|IIII|IIII|IIII|IIIIx

CC Events/GeV/1X10% PoT

"
e

% 5 10 15 20 25
Neutrino Energy(GeV)

W
&)

Reconstruct £, = Enxap + E,

u U
c E u ,ep Shower energy resolution:  55%/+/E
v Muon Momentum resolution: 6% range,13% curvature

w'!
: Q2 =4E,E, sin? % , Squared four momentum transfer
2
| _ Q i
X=SMBLAD Fractional quark momentum
E -
y= %—AVD , Inelasticity
W2=M? +2MEgaAD —Q?, Squared fi nal state invariant mass
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CC Event Selection

1 good fit track
Vertex contained inside fiducial vy
volume.
e Upstream ’target’ region. ;
Calorimeter Spectrometer

e Centered on beam spot.

Fiducial mass ~4ton. T TTOTE10  'Near
. vLE 10, Near |

Select sign of the muon, p~ forv,, 0.03f ]

- * frac. CC contamination

uT for v, I

® frac. NC contamination

CC event selection kinematic cut: -

0.02" -

E, > 2GeV -
e Stopping, momentum from range »
e Exiting, momentum from 0.01" , ]
curvature BTG ey L+
L L e T - e l
» Removes NC contamination. . ot B

b d -
. J —_——
3

PR T T T W TN TN SN S NN RN TN S S N M I A
Reconstructed neutrino  energy Q) 10 20 30 40 50
E, > 5 GeV. Neutrino Energy(GeV)
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Cross Section Extraction

» Two samples: Flux, Cross section

>

Raw Data

= == ==

Flux :
sample || Ingredients

e Input beam flux (GEANT3 based beamline
simulation, production model FLUKAOQS).

e Cross section model (NEUGEN3): uses
Bodek-Yang duality model,(BY-GRV98LO),
tuned to data in DIS/res. overlap region.

e Detector simulation.

‘ ‘ :
FLUX > » Determine Flux from 'flux’ sample (next slide).
1\ V(V) d?2N v(7)

1
dy @ (E) dxdy
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Cross Section Extraction

» Two samples: Flux, Cross section

>

Raw Data
’- L

'S:alnlg}e_ ' Ingredients
e Input beam flux (GEANT3 based beamline
simulation, production model FLUKAOQS).

e Cross section model (NEUGEN3): uses
Bodek-Yang duality model,(BY-GRV98LO),
tuned to data in DIS/res. overlap region.

v e Detector simulation.

! A dy ®(E) dxdy

e e e » lterate with new (measured) flux

» Determine Flux from 'flux’ sample (next slide).
o VP 2N v
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Cross Section Extraction

» Two samples: Flux, Cross section

>

sample ||Cros§§pleseCt Ingredients
e Input beam flux (GEANT3 based beamline
simulation, production model FLUKAOQS).

e Cross section model (NEUGEN3): uses
Bodek-Yang duality model,(BY-GRV98LO),
tuned to data in DIS/res. overlap region.

e Detector simulation.

» Determine Flux from 'flux’ sample (next slide).

V(V) 1 d2N V(V)
dy @ (E) dxdy

» Iterate with new (measured) flux

» Fit differential cross section and input as new
cross section model... iterate.
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Relative Flux Extraction Method

» Use inclusive low v(= Exap) Cross section to get flux shape.
e Similar method used at higher energy (CCFR/NuTeV)— adapt to lower energies.

d?ocvv  G2M v  Mxv v2 1+ 2Mx/v v v ]
— 1] — — — F + — (1 — —) F
dxdv - K E 28z ToR2 14R ) 2(x) £ 5 o5 ) e ()]
Integrate d?o /dxdv over x for fixed v: ;
A:GﬁM/FQ( d
do ( Bv C v? )
g (T -
dv AE  A257 p__ G2M / (Fa(x) T xF3(x)) dx
Atlow v and high E,, L4 2
> ) 1% VQQ C=B-— —/FQ(X)(1+R(X) ” —1)dx
= () and (£ )~ terms are small.
ot =492~ =A constant, independentof E,. — ®(E) o N(E,v < ).

» For MINOS require v < 1GeV and extract flux for £, > 5 GeV.
1.15——

 Neutrino

1. Count events at low v, N(E, v < 1GeV)

2. Use cross section model to correct for energy de- &

pendence in low-v sample, ¢(E) = Uasog{(rz(<1/1<)1))

3. ®(E) x ¢(E)N(E, v < 1GeV)

0.9 ~"16 20 30 40 50
Neutrino Energy(GeV)
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Near Detector Extracted Flux

LE-10 Data Sample 1.0E20 PoT (June-Dec 2005).

» Flux sample: CC events with v < 1 GeV, (E, > 5 GeV)
e Data corrected for acceptance and smearing using MC model.

25000——T——— T T T ]
v LE-10, Near PRELIMINARY ]
> 20000 -oata | p Extracted data flux for 1E20 PoT
O - — MC . I
2 15000] E (unnormalized).
= F . e Compare with MC which uses
L 10000 ]
"g - . default beam flux model (GEANT3 +
= =000 E FLUKAOS5 production).
°—45 ""%0 30 20 =0 x MC normalized to 1.0E20 PoT.
Neutrino Energy(GeV)
» Shows large discrepancy (up to 40% +
- VLE-10, Near PRELIMINARY - 10%) in the E, > 10Gev GeV region
O 1.5:— ++ n + ] (outside the beam focusing p.)eék).
= [ H4+ 4 | e Beam model flux uncertainties are
= 4 +T 41 1 ' | 15%) and dominated b
- W | i arge (~15%) and dominated by
0t i production uncertainties in this
0.5 | | | | - region.
—10 20 30 40 50

Neutrino Energy(GeV) —p.11/:



Reconstructed Energy Spectrum

» Total cross section sample:

e All CC events (events with well
reconstructed muon, E,, > 2GeV).

» Effect of flux re-iteration on
reconstructed CC energy spectrum.

e Nominal MC (blue curve) using
GEANT3+FLUKAO5 beam flux.

e MC reweighted by low-v extracted
flux (red curve).

e Data/MC agreement improves
dramatically after one reiteration of
the flux.

CC Events/GeV/10°°pots

Ratio DATA/MC

50000p— . —————— ————
— nominal MC :
40000 : — flx reweighted MC
30000 ~—NDVDATA -
20000 =
10000F -
- v LE-10, Near 0-0-0-0:00-0-0-0.0.0.0.00 000 an -
0 R P T BRI AL AL an x|
10 20 30 40 50
Reconstructed Energy(GeV)
2_' T T r+r ]
i —&= DATAhominalMC 1
15F —o— DATAVeweighted MCH
i . }
F et e, .
1E’iﬁ.’;;‘+ttttff§",’QQ!QQQ'Q‘QQQQQ*QQ‘fQQ‘Q!
05F .
0 _. N | N N N N | N N N N | N N N N | N N N N |

10 20 30 40 50
Reconstructed Energy(GeV)

—p.12/7



Data/MC

Flux Tuning in Oscillation Analysis

s s e B S S S S

LE10/170kA

n L MINOS ND Data ]

Fluka 2005 x?=412

Tuned Hadron Production

X2=59

0] 5 10 15 20 25 30
Reconstructed E, (GeV)

|

LE10/170KkA

[TTT[TTT

- Unrln

S e

Fluka 2005

Tuned Hadron Production

TTT[TTT[TTH_TTT

10 15 20 25 30
Reconstructed E, (GeV)

o}
o

» Use reconstructed energy spectra from
all beam configurations to tune
production model.

e Hadron production model, (production of
pions from 120GeV protons on graphite) IS
adjusted by applying fitted weights
as a function of (x s, pr) of parent
pion.

» Nominal Near detector MC (blue curve)
shows systematic disagreement in tail
of LE beam.

» Data/MC agreement (red curve, MC
after tuning) improves for LE tail.

» “Tuned” flux is also higher in the tail re-
gion, agrees with extracted low-v flux.

—p.13/2



Total Cross Section Energy Dependence

NCOI‘I‘
I Xsec
o NI20L = cross section sample events corrected for

acceptance and smearing using MC.

Correct to Isoscalar target, (ron £ = 0.0567).

Normalize in region 10-50 GeV using world
average v-Iso Fe value:

v

a” — 0.676 £ 0.04 x10—38 cm”
( E )World % GeV

Measures shape of % with energy.

Fake-data study, comparison to NEUGEN model
prediction. (3.7x10'° PoT sample).

® Band showssize of error on the weighted average for data

pointswith E>10GeV (used for normalization).

Minos full sample (7.4x 1029 PoT)
will be ~20x larger — statistical precision
~4.5x better.

ez ) - iz o)

xXsecC XsecC

NMCgen (E) )

N}lé/slgcreCO(E)

NMCegen (B — events generated in the fi ducial volume.

NMCreco gy — events in the MC reconstructed sample.

XsecC

=
~

LE-10 MC, Near - FAKE DATA

o
N

predicted o/E(from neugen)
-------- predicted o/E +/- error

=Y
“"

X extracted o/E(normalised to world average)

o
>~ o

% x 10%cm?GeV (isoscalar iron)
o
fo'e)
I | | | LI | LI | | | LI

(@)
o1
[T
o
[T
o1y
N
(@)
N
o1

Neutrino Energy(GeV)

wl
o
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Flux and Cross Section Errors

» Low-v Flux method valid for £, > 5GeV

e At lower energies systematics from
model and acceptance corrections
become large.

» Systematics evaluated:
e I, scale 2% (Largest for Flux)

o Eyap scale +5.6%

e Final state Intranuclear rescattering.
(affects measured Exap)
,estimate is
crude, will be reduced).

e Model correction uncertainty estimate
(B/A correction).

» Prognosis: Expect flux and cross section
uncertainties in range 2-5% for £, > 5GeV.

Systematic Error (%)

Systematic Error (%)

Flux

B/A Model
Emu +2%
Ehad +5% --weeeeee

Intranuke
Total Sys

Stat 7.4E20 PoT
(yellow band)

10 15 20

25

30 35 40

45

Cross Section

B/A Model
Emu +2% s
Ehad +5% --weeeeee

Intranuke
Total Sys

Stat 7.4E20 PoT
(yellow band)

10 15 20

30 35 40

45
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Antineutrino Sample in MINOS

Above 5GeV ~ 15% of events are from v.

Total expected 7-CC sample= 7.4 x 10°
events for 7.4E20 PoT.

Also studying 7 flux and cross section
extraction.
e Larger model corrections to flux.

e Acceptance corrections (u's
defocussed).

Contamination from mis-IDed v,,CC events

is large (5-20%).

Improvement needed to charge-sign ID to

obtain high-purity sample of 7 (WIP).

CC Events/GeV/3.8x10°°POT/kt

@)

(@)

(@)

0.2}1L

A5

.O5

S SR
Neutrino Energy(GeV)

1.2e+07

1e+07

8e+06

6e+06 |

4e+06 |

2e+06

0

0
0 5 10 15
EV

5 10 15 20 25

25—

O.1

e frac. CC contaminatio

® frac. NC contamination

L L L I
VvV LE 10, Near

20 30
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DIS Cross Section Sample

» Large data sample of DIS (W > 2GeV) and transition region (2 > W > 1.4GeV) events.
e Kinematic range overlaps with SLAC and JLAB charged-lepton data sets.

BODDDI_...'...l...l...l..._ .---|---|'-'|-"|"'_
| et v LE 10, Near . [ mINOS .
MINOS Preliminary | 20000:' :f’g";fl?g ’
To) L0 - =—v MC
v DIS sample: S20000f —vme 1 ot5000F
(1E20 POT LE-10) &2 [ 2 -
= c L
MC: Low-v fux rewt. % %y DATA %.‘ 0000:_
W > 2Gev ¥10000 41 @ [
Q? > lgev2 | O O -
5000
E, > 5GeVv [
)| TSI P BN R 0' A B B B B
O 0.2 04 0.6 08 1 O 0.2 04 0.6 0.8 1
Bjorken Scaling Variable Inelasticity
Extract doubly differential on, 42 "7 14N ()
» Extract doubly differential cross section. Trdy = (B dxdy

» Measure v-lron structure functions, Fo(z, Q?) and 2 F3(x, Q?)

d?s7(7 GEME, Mxy y2 1—|—4M2X2/Q2 v(D) y v(D)
dfcdy — “(1+52/M%v)2 [(1 YT 3E T 7 1rRxQY )Fz ty (1-%)xFy ]
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Structure Function Measurements

» I (xz, Q%) from cross section sum.

d?c” d?c?
[ dxdy dxdy ] o

u 2E T 14R(x,Q2)

[y_g] AzF3(x, Q2)

» =[5(x, Q%) from cross section difference.
[dQJV d207i| _

dxdy dxdy
2MG2E 2
=== (y—L)xF§VG(x,Q2>

T 2

o x/3(x, Q%) only from v scattering.

» Ih(x, Q?) sensitivity - statistical errors only
for 1.85x10%° PoT.

e Systematics will be of comparable size at
this level of statistical precision.

, 4 (2Mx )2
2MG2E {1_y_Mxy+ o) %)} Fy(z, Q%)+

)

N

FZ(X ] Q

. x=0.015 (X3)
o ¢ x=0.045 (x1.8)
Py L - T?T . ® §
,w#’%.'
I T . s § i x=0.080(x1.3)
et T T
s s v %=
1 Y !ﬁ!:@: ... % Xx=0.175 |
Ay s et o LI T s ¢ x=0225
e g o TV L %, O g o L] d
‘;;;'. 'i‘— - 5 7 s :’ a
. e e x=0.275
.'“l ‘- ‘ + - &® ‘ J
L * '« x=0.35]
T {
(] . ﬁ’ ¥ :,:%‘
T TRy x=045
. ,Q:,: ~§:P" £ ] o ‘ —VU. i
Y * sy x=055
e .3 Ty
0.1 ‘ e d .
| 1.85E20 PoT s x=0.65
(W>1.4GeV) o b 5L 1
NuTeV —e— g
CCFR :--e-t 1o
CDHSW . . ;
MINOS (stat) - - Y =
. “G‘I|?V98Ic().-S+Ha'I)'. o R X.I 0.75
1 210 5 100
Q” (GeV/c)

MINOS F,(x,Q%) Sensitivity

—p.18/2



Conclusions

» First steps underway to extract CC cross sections from MINOS ND data sample.

e Low-v flux method applied to extract neutrino flux for £, > 5GeV.

e Analysis underway to extract shape of charged-current total cross section in the
interesting low energy region.

e High statistics v sample, studies underway to improve purity.

» Plans for inclusive ND cross section measurements:

e Energy dependence of total cross section (v and v).
e DIS differential » and 7 cross sections.

e Neutrino iron structure functions — New kinematic range for v scattering.

» Also underway:

e Quasi-elastic cross section.
e Coherent 7 production

e Dimuon production.
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Backups

~ .20/



A (%) B (%)
Measured with test beam Tt 4.2+ 1.5 | 55.7£0.5 | quadratic
(CALDET) in range 1-10 GeV T 0.74+0.4 |55.1£0.9 | linear
for pions and protons. T 0.0+3.3 | 56.2+0.3 | quadratic
o — A@ B quadratic T —0.14+04 | 56.3£0.9 linear
B vVE ot +7" | 21+1.5 |56.1+0.3 | quadratic
7 = A+ % linear nt 47~ | 03402 | 558404 | linear
P 4.3+ 1.4 |56.6+0.6 | quadratic
p 0.7£0.5 [ 55.9+£1.0 linear
1.0 — _ 1.0 ——
09fF W 09f  m
5§08 {1 §osf
ool 1 3os
c 05F : c
> 04F 5 05F
S 03F ; o 04}
“o2f Y03
0.1F 02F
oob v S
o 2 4 6 8 10 0o 2 4 6 8 10

Hadronic Energy Resolution

Fits to the energy resolution for 7= and p

Available Energy (GeV)

Available Energy (GeV)
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CC Selection Efficiency

Effi ciency of £, > 2 GeV cut.

L2 T ey

{ R ——————

Efficiency

o o o O

R A
Ty

%1

I I I I

OOI N |1|0| N |2|0| N |3|OI N |4|OI ~ 50
NEUTRINO ENERGY/(GeV)
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Model Corrections to Flux Extraction

Cross section model NEUGENS uses:
» Bodek-Yang duality model (GRV98LO pdfs tuned to data in DIS/res. overlap region.)
» QE cross section with (M 4 = 1.03)
» No explicit contribution from resonances.

» Have also studied a NEUGEN3 version which explicitly includes resonances for W < 1.7
(tuned on data). resonance region.

Low-v energy dependence of cross section components (neutrino).

1_4, T L 1_4, L 1_4, T R
_ 1.3 Neutrino (gel) ; _ 13- Neutrino (inelastic) _ 13- Neutrino (total) |
\Y - \Y \Y
2 2 1.2r 1 2 1.2F E

asymp
ym

e o 1IF 1 ML E
L P f
[} (=} r (o) r ]
0.9F . 0.9F . 0.9F ;
0.857"10 20 30 40 50 0.857"10 20 30 40 50 0.857"10 20 30 40 50
Neutrino Energy(GeV) Neutrino Energy(GeV) Neutrino Energy(GeV)

— .23/



Model Corrections to Flux (Antineutrinos)

Cross section model NEUGENS uses:
» Bodek-Yang duality model (GRV98LO pdfs tuned to data in DIS/res. overlap region.)
» QE cross section with (M 4 = 1.03)
» No explicit contribution from resonances.

» Have also studied a NEUGEN3 version which explicitly includes resonances for W < 1.7
(tuned on data).

Low-v energy dependence of cross section components (antineutrino).

L Antineutrino(qel) | M L2 Antineutrino(total) |
R E I -~ -
\" - ] \" L \"
2 0.8f 17 2038 2
o 0.6 1 o6 o
v 0.4 1 Vo4 v
51 C ] © r 1 ©
0.2 ] 0.2 7]
10 20 30 20 50 10 20 30 20 50 10 20 30 20 50
Neutrino Energy(GeV) Neutrino Energy(GeV) Neutrino Energy(GeV)
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Flux Model Correction Uncertainty

Low-~ method:

Z_Z:A(1+§z_gi)

» At low v and high E, — (%) and (

B)°

terms are small = decreasing with en-

/(Fg(x FaxF3(x))dx

/F2

P Smaller for v than for o

8Sev

e - for neutrinos: —1 < £ <0

ergy. : : B
e + for anti-neutrinos: —2 < & < —1
0~
» Theoretical value for % computed from o5 | Neutrino o
model, (problem: large uncertainty at low v/) -
m 1
B \nu _ N ..
(Z)" (v = 20) 0.25 (lower limit) el N
. . . -1.7
(£)antinu(y = 20) ~ —1.7 (upper limit)
) 5 10 15 20

70

utrino: B/A = -0.24
antineutrino: B/A = -1.7
- antini :B/A=-2.0

60

501t
40
30

20

% change in flux due to B/A correction

10

HIH‘HH‘HH‘HH‘HH HH‘U_\_\_\

[} e e e s s e e e e e e e e s s e e e s B o

25 30
Neutrino Energy (GeV)

V(GeV)
Range of DIS model uncertainty con-
tributed by the (bounded) % correction:
neutrino 0> (£)¥ > —0.25
antineutrino —1.7 > (£)7 > -2
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Flux and Cross Section Corrections

Other physics corrections to flux and cross section
1-loop radiative corrections (Bardin), isoscalar target correction

Flux Cross Section
]_,2_'"'|"".|""|""|""|""_ O L B B B IS
! Neutrino  — isoscalar correction A [ - — isoscalar correction 1
[ — radiative correction | 1.15F neutnno radiative correction
L1 ’ ; :
- I ;
| 1.0/ :
[ Qoo ]
0.9 i :
: 0.95p .
080' ] '5' ] '10' ) '15' ] '20' ] '25' ] I30 0'90' ] '5' ] '10' ] '15' ] '20' ) '25' ] '30
NEUTRINO ENERGY/(GeV) NEUTRINO ENERGY/(GeV)
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Beam Model Tuning Using ND Data

» ND data/MC disagreements are “Beam
tune” dependent.

e Detector and cross section model are
common to all tunes. > implies beam
modeling

» Hadron production model (production of pions
from 120GeV protons on graphite, (f (zx ¢, pt)), IS
tuned to further improve data/MC
agreement.

e Fit for weights as a function of x ¢, p; for
6 beam configurations.

10

b8 :Weights applied |

=R

LE-10/185kA i

P, (GeVic)

0 W X N o BN B
P, (GeVic)

10 . 20 .. 30

0F fo

| LE-10/170kA

a0

| LE-10/185kA

* [aia
= Flikads MC
— Full MC Tusing

30}

10

=3t ;
O & :
O o % 0 T A
0 [

‘040 LE-10/200kA
30

Horn off

T T

0T

SR

10

Reconstructed E, (GeV)
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Minos Calibration System

» LED based light injection system
e Track PMT gains.

» Cosmic ray muons

e Remove variations along and between strips.

e Stopping muons for detector-to-detector
relative energy calibration.

» Test beam with mini-MINOS detector (CALDET)
e Measure absolute energy scales. (e,u, m,p).

Energy Scale Uncertainties
» 5.7% Absolute

» 2% Near/Far relative

Single particle energy resolution
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per 1e19 POTs

MINOS QE Selection

x1 gutrino Energy Spectrum Before QE Selection >({}Beutrino Energy Spectrum After QE Selection
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» PDF based selection based on shower topology, proton direction, reco-W.
» ~40% efficiency, ~70% purity.

» Modeling of low energy shower topology complicated by final state rescattering of
hadronic particles.

e Difficult to model, large uncertainty
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Beam Flux Errors
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» Beam component (matter most in the
focusing peak region)
1. Horn 1 offset (small) » Production : 8-15% (15% above the

baffle scraping (small) beam peak).

POT (2%) e Assume will be reduced after

MIPP to ~4%.
Horn current offset (1%)
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Near Detector Planes

very 5 plane
throughout detector 1s
fully instrumented - paL:



Systematics and Structure Functions

Effect of Energy Scale Uncertainties

F>(X)

~ .32/



Near Detector Data

One near detector spill

» ND sees large event rates — multiple ,E
events per 8-10usec spill. | — S
e Typical intensity 2.2 x 103 | —— SR s S
protons/spill (spill length 8-10usec). i ' Dowistrean part of Near De
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DIS Cross Section Sample

DIS events (Egap > 1Gev, W > 2GeVv, Q2 > 1GeV?, E, > 5GeV)
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