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What is Minerva?

3

+ MINERVA is a compact, fully active neutrino
detector designed to study neutrino-nucleus
interactions in detail at high statistics

+ Uniquely positioned (NuMl near Hall) to
provide critical input for the world neutrino
oscillation program (“neutrino engineering...)

+ Proton structure & nuclear effects in axial
current (“JLab mid-west”)

+ Fruitful HEP-NP collaboration
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Why Minerva? ()

+

+ Inherent interest in the phenomena of low-energy
neutrino-nucleus scattering:

+ Axial vector FF

+ Coherent Tt production

+ Resonance & transition (2DIS) data
* Duality in neutrino scattering

+ Strange particles
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Why Minerva? (ll)

=

+ “BASF effect”: Provide knowledge that will help
improve/enhance other neutrino studies (read
“oscillations”™)

+ mass splitting (/''") measurements in
disappearance (Minos)

+ £, 7 E, 2 ultimate precision in (~7")

+ Measurement of v-initiated nuclear effects

+ electron appearance ( ) (Nova)

+ Better background estimates
+ Intra-nuclear charge exchange
+ A-dependence
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Why do we need to know more about
nFutrino cross-sections?

+ In the few GeV neutrino energy (relevant for osc. expt’s)...
+ Errors on o, are large

+ A-dependence data - scarce

+ derstanding of backgrounds needs ba.
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Goals for Minerva?

+ Axial form factor of the nucleon

+ Resonance production in both NC & CC
neutrino interactions

+ Coherent pion production

+ Nuclear effects

+ Strange Particle Production

+ Parton distribution functions (PDFs)

+ Generalized parton distributions (GPDs)
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Requirements for
Minerva

*

+ Intense neutrino beam (NulMli)

+ Improved systematics in Neutrino
Flux (MIPP

+ Variety of targets (A-dependence)

+ Detector with:
+ Good tracking resolution
+ Good momentum resolution
+ Timing (strange particles)
+ Particle ID (exclusive final states)

+ ...all in an affordable package...
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| Minerva Design

+ low-risk detector with simple, well-understood
technology

+ Segmented solid scintillators — active core
+ Tracking (including low momentum)
+ PID

+ 3 ns (RMS) per hit timing (track direction,
stopped Kz)

+ Core surrounded by electromagnetic (ECAL)
and hadronic calorimeters (HCAL)

+ Photon (1) & hadron energy measurement
+ MINOS Near Detector as muon
spectrometer

nuclear targets
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Minerva Placement
(and otherstats)- w. -

— 1

Wl

JActive Targets

! Y o . ‘
JCH, C) Fe;Phd

; r'.
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Minerva Detector
stmcture ) Side view

Mounting
Hardware

Lead
Collar

Scintillator for
Scintillator planes or calorimeter

calorimeter target

OD

¥ AMES
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Minerva Building Block(s)
1.7°x 3.3 cm’ strips
Scintillator /O\ Wave Length Shifting (WLS) fiber readout in

center hole
PMT Box
I Clear fiber
Scintillator e WLS fiber Optical Conn.
\ Particle M-64 PMT
O O O O 0]
N

Q For the Inner Detector, scintillator is assembled into 128 strip scintillator
planes

L Position determined by charge sharing

11/02/05 12 Gabriel Niculescu, PANICOS5 Neutrino Satellite Meeting



Minerva R&D Progress:

intillator, Fibers, Connectors

Co-extruder

Optical Cable
Mold Production
Rochester

Fiber Bend Tests
Rochester

Long term behavior of 175 ppm
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Minerva R&D Progress:

s, Boxes, Electronics

08 312005

Alignment Piece
Factory: Tufts

PMT Alignment
Station: JMU
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Minerva Event Rates

Fiducial Volume:
3tonsCH,~ 0.6tC,~ 1tFe and~ 1tPb

Expected CC event samples: Assumes 16.0x10% in

8.6 M n events in CH LE, ME, and HE NuMI
1.4 M n events in C beam configurations
2.9 M n events in Fe over 4 years
2.9 M n events in Pb
Main CC Physics Topics (Statistics in CH)
Quasi-elastic 0.8 M events
Resonance Production 1.6 M total
Transition: Resonance to DIS 2 M events
DIS, Structure Funcs. and high-x PDFs 4.1 M DIS events
Coherent Pion Production 85KCC/37KNC
Strange and Charm Particle Production > 230 K fully
reconstructed %‘
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Minerva & Axial Form Factors
‘F’rmton Gr/Guy I

+ Vector form factors
measured with electro

+ GG, ratio varies
with Q? - a surprise
from JLab

+ Axial form factor
poorly known

+ Medium effects for F,?

+ check with
C, Fe, & Pb targets
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Minerva & Coherent Pion
Production

CC Coherent Pion Production Cross Section
500

s MINERVA

. FNAL (CC), Alderholz, Phys. Rev. Lett. 63, 2349 (1989)
v Aachen (NC), Faissner, Phys. Lett. 1258, 230 (1983)
o COM (NC), Isiksal, Phys. Rev. Lett. 52, 1096 (1984)
400 |- o SKAT (CC), Grabosch, Z. Phys. C31, 203 (1986)

A SKAT (NC), Grabosch, Z. Phys. C31, 203 (1986)

» BEBC (CC), Marage, Z. Phys. C43, 523 (1989)

» CHARM (CC), Bergsma, Phys. Lett, 1578, 469 (1985)
+ CHARM Il (CC), Vilain, Phys. Lett. 313B, 267 (1993)

+ small energy transfer to the
nucleus, forward going 1t

+ data cannot discriminate

300 —
between models. I

oy, + A —> u +n’ + A

o (10° cM?)/'2c NUCLEUS

+ MINERVA: 30-40% det. Eff. (5- 20 -

25k events)
+ Can also study A-dependence | ¢+ o .+ AR
: * '+ N MINERVA
0 o<_;'s S 75 10 125 15 1é5(Gé(\),)
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Minerva & Coherent Pion
Production (i)

A-r easurements before K2K !

A-—Dependence of S GeV CC Coherent Cross-Section

) =
5 4 MINERVA errors
e 3 in-Seghal model
15 — -
1.25 f— 7
3 .
0.75 :— v
azs [ Paschos- Kartavtsev model
A
+ ...Can also study A-dependence @ TAMES
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Minerva’s impact...
MINOS

+ Visible Energy in Caﬁ)rimeter

i / J 0.1 —— MINOS (7.4e20 POT) |
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+ mabsorption, rescattering

+ final state rest mass

+ nuclear Effects studied onl
w/ Charged Lepton
Scattering, ..o s wig e
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AM - Ante Minerva
PM - Post Minerva
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OUTLOOK

W to test v-A models over a

wide range of energies
* NuMI beamline:

* tunable 1 - 20 GeV
- precisely known neutrino flux

* The MINERvVA detector — optimized for both
inclusive and exclusive reactions

* ... IS being built as we speak!
* first signal - summer "08
* begin operations — end ‘of 08

-
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Neutrino rHorns

and Spectra ... ...

Target \ : -
Target Hall Decay Pipe u* Sagp S AR ”u' « 675 meter decay pipe
- lmm\ r w 3 "-;,&h--é]i-"* for p decay
B - J\ % |- {5 » Target readily movable
- ‘I rlii'lf‘ - #1 7 LA ]ﬂ ! in beam direction
T Horns a ———enea th {LP;’ Ef_fff « 2-horn beam adjusts for
0m  30m ' . g - variable energy range
675 m . Rock Rockl |Rock
Hadron Monitor i 2m 18m  300m
TG : : : : : : ; - | L]
wool o 4% b i Move Target
iMEI.]I Move Target only ; o e Illlﬂ'i and Horn #2

T
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J

u Mo4

Weight: 28 gr

64 pixels, 8 X 8 array
pixel: 2 x 2 mm?
Photocathode: bialkali

Spectral response:

300 - 650 nm

QE (520 nm): >12.5%
Cross-talk; ~ 10%
Anode Pulse Rise Time:
~0.83 nsec

T75: 0.3 nsec

Uniformity: 1:3
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Oscillation Measurements and
Neutrino Interaction Uncertainties

urrent Generation’s Primary Goal: MINOS

+ Precise Am? measurement from v, disappearance measurements
vs. neutrino energy

+ Biggest systematic concern: how do you know you’re really
measuring the energy correctly?

+ Next Generation’s Primary Goal:
+ Search for v -y, transitions at one neutrino energy

+ Biggest systematic concern: NOVA. T2K
+ Predicting Background accurately ’

+ At first, claiming discovery based on an excess above
background!

+ Later, precision measurements with neutrinos and anti-
neutrinos

+ Next Generation’s “guaranteed” measurement

+ More precise Am? measurement, if you can understand the
backgrounds in narrow band beam @Jﬂm
D
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* NOvVA’s near detector will see
different mix of events than the

beam

CcC

Near Detector
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Minerva’s impact...
Nova

Total fractional error in the predictions as a

S 0,014
k=
“ 0.012
5

beam =

+ signal g 0.01
(0

110 v
NC 0.006

v, CC

Far Detectol 0.004

function of reach (NOvA)

=== Current o Errors

------ o Errors after MINERVA

— Statistical (50kt*5yr)

1% 0.002[
13 Smay beam :
v O 7'1"\“F'1""I | ]| l | | | | | | | | | | | ‘ s el | ‘ | T ot 3 | | | | | |
€ 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 Q.1
820km sin?20
NC 13
¥ COC
Far Detectorn
Process QE RES COH DIS
0a/a NOW (CCNC) (%) 20 40 100 20
00/0 after MINERVA (CCNC) (%) 5/na 5/10 5/20 5/10
? JAM
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Minerva Resolution

(active target)

3.3cm >

_o~——

+ technique pioneered by DO
upgrade pre-shower detector

+ Triangular extrusion

+ 0 ~3 mm (transverse direction)
+ Better than rectangular geometry

+ Need long. Segmentation for z-
vertex determination
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