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What 1s MINERVA?
MINERVA 1s a precision, highly-segmented v detector with

simple, well-understood technolog

MINOS ND—{r=its

MINERvVA ™

... 1n the NuMI
beam just
upstream of
MINOS’s near
detector.
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What i1s MINERvVA?

MINERVA 1s a precision, highly-segmented v detector with
simple, well-understood technology ...

» Active core of segmented solid scintillator

" tracking (incl. low momentum protons)
= particle identification

= few ns timing (track direction, identify stopped K*)

> Surrounded by electromagnetic and hadronic calorimeters

= Photon (n°) and hadron (%) energy and directrion measurement

> nuclear targets upstream of active solid scintillator core
»>MINOS near detector as high energy u spectrometer downstream
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One of the Motivations for MINERVA

Entering a period of precision neutrino oscillation measurements ...

Precision understanding of low energy (Few GeV) neutrino cross sections
Models
Nuclear effects

Fina| State detaiIS Beam Matrix Unoscillated
NDFit Unoscillated

Beam Matrix Best Fit
NC Background
——— MINOS Data
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Neutrino oscillations & MINERvVA

The recent APS Multidivisional Neutrino Study Report
predicated its recommendations on a set of assumptions
about current and future programs including: support for
current experiments, international cooperation,
underground facilities, R&D on detectors and accelerators,
and

determination of the neutrino reaction and

production cross sections required for a precise
understanding of
neutrino-oscillation physics and the neutrino
astronomy of astrophysical and cosmological
sources. Our broad and exacting program of
neutrino physics is built upon precise knowledge of
how neutrinos interact with matter.
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MINERVA Physics: Low Energy Neutrino Scattering

Lipari, Lusignoli and Sartogo, PRL 74, 4384 (1995)

o COFRR [15]
© BNL 7—feet [18]

We will be making ’ nx< S| S ANL 15 reet (18]
precision I3
measurements of low

energy neutrino cross | o)

— — — o(qel)

sections: | 4 N -

Contributions to total cross section: Opgp = +ORrpst

v(7) n(p) — p~ (nF) p(n)

Ogrps: Resonance -> Inelastic, Low-multiplicity final states
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MINERVA Physics: Low Energy Neutrino Scattering

Lipari, Lusignoli and Sartogo, PRL 74, 4384 (1995)
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O BNL 7—feet [18]
3 ANL 12—feet [17]
O ANL 12—feet [18]

We will be making
precision
measurements of low
energy neutrino cross
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Estimated Cross section uncertainties
Process  Current  After MINERVA

QE 20% 3%
Res . 40%  §/10%(CCINC)
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CVC Partnership: NP (e-A Vector - Jlab JUPITER)
HEP (vA axial+vector ; Fermilab MINERVA

VENTS |LPI\I Opeu|
2005 | House

K. McFarland-Rochester, J. Morfin, FNAL
MINERvVA HEP Spokespersons e

Nuclear Physics
Accelerator Science

significant NP participation FEL Pogm

Experiment Research
. Higher Education Jefferson Lab is
in MINERVA because of ser Tformtion

rl f phvsi ith Neutrino Physics Comes to JLab
SN i E L The inner workings of the sun, the mysteries of dark

Jefferson Lab community matter and dark energy and the structure of the early
universe all may be unlocked by one cosmic key:
neutrinos. Now, new research carried out in Jefferson
Lab's experimental Hall C may help provide insight

JE. -
= e Fe r m I I a b TO da y info neutrinos, the force that governs their behavior

and, surprisingly, the structure of the nucleus of the

Nuclear Option: MINERVA "MINERVA offers us the possibility of atom.+»
Attracts Nuclear Physicists

Ths st fourthartcl na sareson tre | MAKING @ bridge in our understanding JLab program e-A (JUPITER)Spokespersons

MINERVA neutrino experiment. _ between the longer distance-scale
= | oroperties of the nuclear A. Bodek - Rochester HEP

force--responsible for the properties of Cynthia Keppel - Hampton/Jlab - NP
nuclei--and the very short-distance scales

explored in partic'e physics," says :
Ransome. "And this intermediate distance modeling
scale is of great interest fo both already run one dedicated experiment

communies. (Jlab E04-001)- Hall B inclusive
\ Miami Z©©7 Active program of data mining with

neutrinos in mind- Hall C. exclusive

Data for neutrino cross-section
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Motivation for MINERVA

QE scattermg, v, Fas MA =1 014

—
-
[=-]

T

|
Cross sections interesting in their own

right
» Determination of axial form factor
Fa(Q?)
Duality in neutrino interactions
= Do the averaged structure functions
in the resonance region agree with
extrapolated DIS structure functions? -
Nuclear effects 0.6

Coherent pion production ! -ANL82 D, Millr
0.4r - wBNL90; D ; Kitagaki
DIS and resonance structure !  LFNAL 83, D , Kitagaki
i | | Y MINERVA, Axial=F.

functions, high-x PDFs 02 - BNL B1, D, Baker
Strange & charm production N NI R N PR NS P

: 0 1 2 3 4 5
Resonance production 2 2
Q° (GeVre)
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—

-

[=2]
T T

F.(Q*Vdipole
L ; 1

—
N
T T

—
LI

. .
-

Miami 2007

UNIVERSITY of

ROCLIESTER &




@, (Gevier: 0", (Gevio):
S S
& i
&) (V]
02 : : : : : : : :
AN SRS EEE N ST EEE NS EE S EE N I FEE RS N
0 01 02 02 04 05 06 07 08 029 1
g
Q2 (GeVic)® [@]
0.01  0.05 0.1 0.5 eVt £l
= 12 = T T T T T T T =
(] = ! (]
o — =
= = =
"“n. = ‘"‘:
= - =
g E (]

S ' O T O T
0 01 02 02 04 05 06 07 08 09 1

Vector and Axial Nucleon Form Factors:A Duality Constrained
Parameterization. A. Bodek, et al. Hep/ex 0708.1946 Ratio to Dipole
Mv=0.81 GeV.
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Motivation
for

MINERvVA
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Coherent Pion Production

A-Dependence of 5§ GeV CC Coherent Cross-Section

CC Coherent Pion Production Cross Section

B MINERVA 4-vear run
i L'_(_H_IA FNAL (CC), Alderholz, Phys. Rev. Lett. 63, 2349 (1989)

Rein-Seghal model

)

o{10™ em¥inucleus)

v Aachen (NC), Faissner, Phys. Lett. 125B, 230 (1983)
o GOM (NC), Isiksal, Phys. Rev. Lett. 52, 1096 (1984)
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. 157B, 469 (1985)
+ CHARM Il (CC), Vilain, Phys. Lett. 3138, 267 (1993)

-
a e

o (10 cM)™2c NUCLEUS

o(v, + A —> w + 7t + A)

Paschos- Kartavtsev model

1 1 1 1 1
100 128 1s0 178 200

+ i A of target nucleus

=
_*'Jf ' | - o | MINERVA’s nuclear targets allow the first
25 5 78 ' measurement of the 4-dependence of 6,
K2K and expected MiniBooNe measurements across a wide A4 range =» Distinguish
between models
» Provides a test of the understanding of the weak interaction
= Cross section can be calculated in various models
» Neutral pion production is a significant background for neutrino oscillations
n shower easily confused with an electron shower: v 2v,n2ep, v, A2v, 7’4
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MINERvVA and Oscillations- Example: Nuclear
Effects on event energ

Final State Interactions
" [ntranuclear rescattering
" Energy loss and/or absorption
* Change 1n direction

MINOS Iron Calorimeter -
Nuclear effects among
the largest systematics

Changes measured visible energy
Spectrum: Translate to shift in Far/Near
10

‘dip’ location -> Amz Neutrino Energy (GeV)
D. Harris et al. hep-ex/0410005

MINERVA : measurements with high-A targets and high-statistics
(%) T ‘w R,

sy, Miami 2007
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MINERvVA and Oscillations- How much 1s the
improvement: Nuclear Effects on MINOS

Final State Interactions
" [ntranuclear rescattering

" Energy loss and/or absorption
* Change 1n direction

2

£
<J
c
o
.~
o
S
[
o
-
o
!
0
o

0.15
. C

2 22 24 26 28 3
Am? (x107%eV?)

MINERVA: measurements with high-A targets and high-statistics
(@O
($) f__ " P
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Fully
Active
Target:

8.3 tons
Scintillator

MINERVA Structure

Veto

wall

T Miami 2007
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MINERVA & MINOS
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MINERVA Detector Module

Outer Detector (OD)
“Towers” of iron & scintillator for
hadron calorimetry

Inner Detector (ID)
Hexagonal X, U, V planes
for 3D tracking, Active
Scintillator Target




MINERVA Detector

Active elements are 1.7x3.3 cm triangular bars
Detector Channel Count: of extruded scintillator with embedded 1.2 mm

231,000 channels ulbss o
*80% in inner hexagon
*20% in Outer detector
503 M-64 PMTs - 64 channels
128 pieces of scintillator
per Inner Detector plane

Inner detector is totally
active scintillator strip
detector. Alternating
planes rotated by 60
degrees to make 3 views
(XUXV)

@)
JUIMELIORA J7

he@ll v, Miami 2007
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MINERVA Active Scintillator Target
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MINERVA Events

Quasielastic event Neutral Current w2
0 _ _
vV, A=V AR vVp—=uwAT—=upa

A
i =
Ny V= =
2‘ ‘p.

. Miami 2007 =
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Particle Identification

X2 differences between right
Pacticle [D vy cdB/cc in gicips and best wrong hypothesis

encpolt aciiyvity

Wleiny d8/cic samnples for goocl f
. : . . - - - g 50
cligorienitiztiorl X2 - MINGG2:70)

— Sensitive to light yield

=25 0 25 50
Ap? - MINCY2,Xk2)
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Event Sample with 4 10" Protons on Target
(LE) & 12 102 POT ME beam

Target Bicucial Vol Hipeaied CC

CEl (goiutillator)
Ele

C

e

Pb

(tung) ields (L09)
3 9.0
0.7 0.6
0. 13 ().
0.7 2.0
0.85 2.5

0.1

POT/kt
S
R

o
N
o

=
o
@

CC Events/GeV/3.8x10
g 5

6 8 10 12
Energy (GeV)

Main CC Physics Topics (Statistics in active target only - CH)

Quasi-elastic
Resonance Production

Transition: Resonance to DIS

DIS, Structure Funcs. and high-x PDFs
Coherent Pion Production

Strange and Charm Particle Production
Generalized Parton Distributions

UNIVERSITY of

ROCHESTER

- Miami 2007

0.8 M events

1.7 M total

2.1 M events

4.3 M DIS events

89 KCC/44 KNC

> 240 K fully reconstructed events
~10 K events




Physics Goals

Avctal foren Foior of dre e
— Accurately measured over a wide Q2 range.

Pegonerice grocduagtion i vyt L[C & CC reuteing ieferzgtions

— Statistically significant measurements with 1-5 GeV neutrinos
— Study of “duality” with neutrinos

Cotlerent plon prodigtion
— Statistically significant measurements of A-dependence

Sieange varticle procdiciion
— Important backgrounds for proton decay

Parion cigtciption tunetions
— Measurement of high-x behavior of quarks

Gretleralized parton cigteivtitions

Wuslenr effegis
— Expect some significant differences for nu-A vs e/m-A nuclear effects

UNIVERSITY of

ROCLIESTER B
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MINERVA as an Electromagnetic
Calorimeter

e Material thickness in radiation lengths

— Side & downstream ECALs have 2mm
Pb plates

20 —

I total steel
- total Pb
] total plastic

N
&)

-
o

o O O O
IO W M~ oo

Angle (Degrees)
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Neutral Pions

* Photons cleanly 1dentified and tracked [
— 70 energy res.: 6%/ E (GeV)

e For coherent pion production,
angular resolution < physics width

| RMS 0.8160E-01 900F

— Generoted

----- Reconstructed

500 Coherent
n° Semple

LG

1 | | 100 .
¢ 0.5 1 1.9 2 8.8 0.85 0.9 085 1
E(n°®) (Measured/True) Cos (©,)

‘‘‘‘‘‘
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MINERVA as Calorimeter

* Material thickness in T
nuclear interaction lengths Jillll| | side woat (o)

Al HEtii L Sid Ly
WAL QAL “_‘_El I . AT |
WU Side EGAL [ l\lll\lmuI

| AR
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MINERVA as muon range tracker

Largely rely on MINOS near detector

~ For high momenturm e v foo) |

— Analyze by Al H‘IHHHHHHH - Side E( I||”I|||I

« Range for lower energy muons il || Full 1
|

» Curvature in the magnetics field for higher i) ) 0 | | IRAG " !
energy muons (dp/p~12%) il (11

Downstream
HCAL

g i W
| Side EC 3A| _lH”H\H\H\Hl\l”

AL i

= bownstream ECA

Material thickness In
(dE/dx)

1 total steel min
| total Pb

o total plastic

Pb for EM calorimetry

Angle (Degrees)
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Test beam program at Jlab and FNAL

e 2 phases

* Small array in the SOS spectrometer at Jlab
— 150 to 450 MeV pions
— Spectrometer tracking
— 3 planes with a steel plate

« Larger detector in the MTEST at Fermilab
— 40 planes of target

Removable Pd and Fe plates

Planning a new tertiary
beam for sub GeV particles

Run plan in 2008

UNIVERSITY of

ROCHIESTER &




MINERVA schedule

WIDNE R yA received DO ceitical decigion (CD) Ja approyvel
Soring 07
— Allthozationtoradvanced pltchases

— Bulkspurchases bemg exccuted ior PIVIAES WIS Sy et (E1car
bt PIVIHEboxscomponenisy siceliandicad

Apgoroyved fur tull congteiction gutnorization (CD Jy) all 07

— [nclnded mENOBIPicsidECntizNBudgciior IDEpartment ol
EilgEuy

Corgtriiction pegil

Detector tngtallation zad gommeriigsioning it 2009

T3, Miami 2007




> MINERVA Summary

u Precision neuitino miciaciion
meastnemenits over 8 WidCrangerox
NEULHNO CRCTZICS

- Several dificrent nuclear targets === stiidy
OIFUCICAFCIHCCS

" mperiant mput e Chrrent and Hitne
escillation measutements

nPhysics - Axial o factors, gl x: PIDES;
REsonances, Nuclcar ciiects, low Cnerzy
CTOSS SCCLIONS

clzvizl 1 2009

sy, Miami 2007
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Muon Acceptance

* Look at acceptance for
muons
- ngh X DIS (X > 07) Muon Reconstructibility, Inner Detector
» Analyzed in MINOS: |

~90% active TGT, ;) Jun=
>80% nuclear targets '
. . , £ Quasi-Elastic
— High Q? Quasi-Elastic . Scattering

* Analyzed in MINOS:
>09% active TGT, B Unreconstructable

[J Ranges Out
0
>86% nucl. Target : m Analyzed In MINOS

Even “un-reconstructable”
can be reconstructed by
resolving two fold neutrino
energy ambiguity for QE
events by using muon angle
and Pmin for large angle
muons

Deep
Inelastic
Scatterlng

13 5 7 9 11 13 15 3 5 7 9 1113 15
Neutrino Energy (GeV)

UNIVERSITY of

ROCHIESTER &5
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Impact on Am? Measurement

« MINOS statistical errors & systematic errors due to nuclear correction
— Shown

e Pre-MINERVA (AM)

e Post-MINERVA (PM)

— Pion / nucleon absorption

—— MINOS (16620 POT)

— Intra-nuclear ' MINOS+0e (NUCI) AM

. MINOS+0, (nucl) PM
scattering effects

. . . 2 22 24 26 28 3
— Shadowing with neutrinos A’ (x107%V?)

« Extrapolation of nuclear effects from
Low A to high 4 (e.g. He = Fe) : EIR s —

" F,(muon)

~.

Sergey Kulagin model

AN . Miami 2007

ROCHESTER

F,, Pb/C (MINERVA stat. errors)




| Sum of PE for Layer 2 (wi trk cuts) | tLayerzpesum

Vertical Slice Test i o

700

Small test detector with cosmic muonsjl
Light Yield: 6.5 pe/MeV o
— Specification 1s > 4 pe/MeV o
Position Resolution: 2.5 mm :
— Spec 1s 3.0 mm

Timing Resolution: 2.8 ns
Overall: Everything warks as require d Err b g

Entries 13749
Mean  +0.008515
RMS  0.1796

clkL1L2S5Del
Entries 1037
Mean 0.1363
RMS 3998

10

b

“II]‘I\!'I\!‘II\ il o lloa i llang
-%0 40 60 40 20 0 20 40 60 80 100
L285 Clk - L185 Clk (ns)

1 ﬂ .
: llllllll l bt et b I s bkl ad bkt I F| - - l d b b el
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MINERVA readout

Completed a long series of R&D
test over the last two years

Full tests with readout chain

Light injection calibrations
system tested

PMT housing production well

underway
40 PMTs delivered for testing

l@ 1
\U4

ROCHESTER




Full Module Prototype

o 15t full assembly of a
MINERVA module

— Test mechanical structure

 Integrated of inner and outer
detectors

— Two planes of scintillator
* Two stereo views

— Planes tested with source for
uniformity

— Completed Spring 07




Looking forward
* Tracking prototype

— Large scale systems integration
* 10 target modules
* 10 ECAL module

— Currently under construction
* To be completed in early 2008

— Initially deployed on surface for
cosmic tests

» Plan to install in NuMI for a beam
test

* Fully integrated test of all detector
systems

— Measure uniformity across many
planes

— Full installation tests and post-
installation testing and calibration

Test tracking capability

AN . Miami 2007
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Scintillator Prototypes

Co-Extruder

A2 SN /]
‘.5‘ SN 79

. 7,
4 & | 4
B//
&y “\|
¥,
&0
V= ‘ny :
]
- /
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Nuclear Targets

Red=Fe, Grey=Pb, Black=C 4 frames (uxvxuxvx) between targets

2.5 cm Fe/Pb

2.5 cm thick | 110 kg each
230 kg 7.5cmC

2.5 cm thick Fe/Pb 140 kg 0.75cm Pb | 1.5 cm thick
230 kg Fe/Pb 170 kg 115 kg Fe/Pb

Thin targets for low
energy particle
emission studies

UNIVERSITY of Vw_;;\& ” 5
ROCHESTER Sty Aiiice




Muon Acceptance Study

e Fiducial Volume Cuts: radius<75cm Muon Reconstructibility, Inner Detector

* Look at acceptance for muon

— Active Target
(>50cm from DS ECAL)

— Nuclear Target Region

Efficiency

L
Quasi-Elastic
Scattering

B Unreconstructable Inelastic

 In kinematic extrema o1 interest: ' O Ranges Out Scattering
: B Analyzed In MINOS

13 656 7 9 1113 15 1 3 5§ 7 9 11 13 15

— High x DIS: (x>.7) Neutrino Energy (GeV)

* Analyzed in MINOS:
>90% active TGT,
>80% nucl target

* Remainder escape the sides
— High Q? Quasi-Elastic:
* Analyzed in MINOS:

>99% active TGT,

>R86% nucl. target . B Unreconstructable
: [0 Ranges Out

B Analyzed In MINOS

Mﬁami2©©7 | 3 5 7 9 11 13 15 13 5 7 9 11 13 15

Neutrino Energy (GeV)
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MINERVA & NOVA

Total fractional error in the

predictions as a function of reach
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MINERVA & T2K

e T2K’s near detector will
see different mix of events
than the far detector

e To make an accurate
prediction oune needs

— 1 -4 GeV netrino
Cross sections

T2K Events at SK (NoOsc)
Vi CC multi-pi
NC 1n
v, CC1r
v, CC QE

(with energy dependence )

« MINERVA can provide
these with low energy
NuMI configuration

T2K Events at SK (Osc)

Vu CC1r

v, CC QE




