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+ Design Specifications
+ Implementation
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Goals for Minerva??

v’ Axial form factor of the nucleon

+ Resonance production in both NC & ¢C
neutrino interactions

+ Coherent pion production

+ Nuclear effects

+ Strange Particle Production

+ Parton distribution functions (PDFs)

+ Generalized parton distributions (6PDs)
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Recall...

...Neutrinos are
leptons too...

v’ Oscillations

v FF

v PDFs, 6PDs

v Duality

v CP violation

v Dark energy/matter?
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Requirements

!-’ for Minerva

+ Intense neutrino beam
+ Improved Neutrino Flux systematics
+ 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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Neutrino Flux

Systematic
MIPP

Main Injector Particle Production Experiment (FNAL-E907)

Harizontal cut plans
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Neutrino Flux & Minerva
QE Cross Section (After MIPP)

Afier NIPP Pl Uncrtatoes, (LE-30) Afbes MEPP Pl Uncartaes (LE-100)

e R fiocs pen
1 1 K] [ [ ] 1 El

Er Ey
» Assumes 4% Production uncertamties after MIPP

» Baam o uni will

in the peak region
= Largestis horn current distribution — can this be reduced?

D. Naples, Pittsburg
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experiments

Gabriel Niculescu
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The MINERVA Detector

4 MINERVA is an active core of segmented solid scintillator
& .
4 Precision tracking (including low momentum recoil protons)
% Particle identification
+ 3 ns (RMS) per hit timing (track direction, stopped K*)
+ LHe, C, Fe, Pb targets (upstream)
4 Core surrounded by electromagnetic
and hadronic calorimeters

+ y, 2% and hadronic E measurement
muon catcher

ow-risk, simple, well-understood
Affordable!
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Minerva Detector (I1)

Side HCAL (OD)
110 TS =T N U

Full
ctive

arget

Downstream ECAL
Downstream
HCAL

Wall

+ Thin modules hang like file folders on a stand
+ Attached together to form completed detector

+ Different absorbers for different detector
regions

RN %
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Some gimulatedy MINER VA Events

s

3. Nelson, wan

Quasielastic event Neutral Current n° Resonance production
v, N> pp vHAavuAn“ VP> AT S ppnt

6/13/2007 14

Gabriel Niculescu %ﬁ? 5
£ ;égP"; (&

Particle ldentification

PID by dE/dx in strips and endpoint activity
Many dE/dx samples for good discrimination

+ Sensitive to light yield
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Neutral Pions

+ Photons cleanly identified and tracked
: 6%//E (GeV)
+ For coherent pion production,
angular resolution < physics width
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M i nerva. WB S Work Breakdown Structure

WBS1: ‘ WBS4: Clear Fiber Cables ‘

Scintillator Bars

WBST7:
Electronics/DAQ

® _WBSS:
“ Frames/Absorber
Stand
WBS3:
Scintillator Plane WBS9:
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Minerva Level 2 Managers

WBSI Name L2 Manager Institution Total
H Base Cost
| (Ay M%)
1 ’_.&‘utillaror Extrusion Anna Pla-Dalmau FNAL, (NIU, | 0.57
PI Victor
Rykalin)
2 WLS Fibers Howard Budd Rochester 0.85
3 Scintillator Plane Assembly | Jeff Nelson William and | 1.34
Mary
4 Clear Fiber Cables Howard Budd Rochester 1.60
5 PMT Boxes Tony Mann/ Steve Dytman | Tufts/Pittsbu | 0.81
rgh
6 PMT Procurement and Toana Niculescu / James 1.39
Testing George Tzanakos Madison
/Athens
Electronics & DAQ Vittorio Paolone Pittsburgh 215
8 Frame, Absorbers & Stand | Jim Kilmer FNAL 1.12
9 Module Assembly Bob Bradford Rochester 0.91
10 Project Management Deborah Harris FNAL 1.86
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MINERVA Optics

(Inner detector scintillator and optics shown,
O‘iter Detector has similar optics but rectangular SelIIEReTD]

Fiber mirrored by
FNAL

. Scintillator (TiD2 Coating)

| ——

Connector
ED‘, T jopu
i LS Fiber = Clear cable H
Embedded
WLS Fiber

= PMT Box

Extruded
inti Clear fiber
cable
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Scintillator Extrusions:
12706 “Production” Ru

Base

er: _we had a 1-week 3
roduction” run to understand

long-term yields and uniformities

4 Samples are within spec’s: y

+ Size Specifications -

“ Height (0.5mm) ;

12112005
150200

FREQUENCY

3220 3224 3228 3232 3236 3240 3244
BASE (mm)

FREQUENCY

16@8briel MS0lescu16.94
HEIGHT (mm)
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MINERVA Detector Plane

6 tower

% 30,272 channels
Rxhuhwifwyu  + 80% in inner hexagon|
RG PA[hwitil 4 20% jn Outer
quf Tgwicmdver ut detector
ukdawal o 473 M-64 PMTs (64

fdarulp hwu|
otz huv channels)

< 1 wave length shifting fiber
per scintillator, which
transitions to a clear fiber
and then to the PMT

< 128 pieces of scintillator

fdarup ha|  Per Inner Detector plane

< 8 pieces of scintillator per
Outer Detector tower, 6 OD
detector towers per plane

- 3.385m -

Igghus hvhfwuKh{djrqi [ 4
6 X A¥bdghvifiruvhuhr#yhz
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Optical System:
Scintillator Extrusion

+ IL/NICADD Extrusion Line Facility for Scintillator production
ron 663 W + 1%PPO + 0.03%POPOP

CO-EXTRUDER
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PMT Boxes
(TUFTS/Rudgers)

July 2006: 8 prototype boxes (without
PMT'’s) completed.

February 2007: First 3 boxes
. # with PMT's produced.
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PMT Boxes

C ctors
interface
with fiber-
optic cables

¥ " Frontend

- board (FEB)
will mount
here.

Weave: Maps

between Cookie: Maintains
cables and alignment of PMT
PMT pixels
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MINERVA Electronics

nt End Boards
One board per PMT DAQ

Computer

(700-800V) with RAID

Cluster

Digitization via Trip Chips,
taking advantage of DO
design work
+ Timing
4 CROC Boards and DAQ
+ One board per 48 PMT's
+ Front-end/computer

PVICIVME Interface Permanent
Storage

Control Room

Console
V.20 A D

o Two-tier
interface Low-Voltage Ry Optical Fibers
+ Distribute trigger and 7 e g o Detaioy
synchronization TVDS Digial Token Ring,
+ 3 VME crates & one DAQ R
M64 MAPMT and
computer CROC VME TRiP-based Multi-Buffer
3 o] Digitizer/TDC Card with
+ Power and rack protection R Ethernet Slow-Control

4+ Uses 48V power i
6/134%07kW needed Gabriel Niculescu sﬂ%"
Brsiirens

PMT Test Stand Ve

Dark Counts
ing voltage
4+ Relative Gain
+ Linearity
4+ Crosstalk r R
4 Components built by Rutgers, FNAL, Tufts.
+ Final assembly testing by Athens
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w2 Light Injection

4 Being built by Pittsburgh and Tufts
I"track relative gain of PMT pixels through time.
4+ Design is complete

4+ Prototype LI box has been built - successfully tested
Feb. 2007/

Designed/built by FNAL, Pittsburgh, and UC Irvine.
Working prototype front end boards for instrumentation
of prototype module.

4+ Have been able to read out PMT's

+ Commencing final iteration of design
rototype DAQ system

notzpn) oo
wi = ]
|l’;
we 1

E i,

o | Yoy

: fi.)
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ADC Counts _ERRHE

tsu MG4

Weight: 28 grams

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

Spectral response:
300 - 650 nm

QE (520 nm): >12.5%
Cross-talk: ~ 10%

Anode FPulse Rise Time:
~0.83 nsec

TTS: 0.3 nsec
Uniformity: 1:3

RN - %ﬁﬁﬁ?ﬂ
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PMT Alignment

The Problem:

+ As delivered, no consistent
relationship between mounting
holes and the of the
PMT
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Alighment [casmwionsowon

D 1. Durremy pisia i placad o e Fibar Holder

Procedure o
=  iCF |5

JMU Alignme?t Stand

r

+

b
i XA

LTS
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+ Made to a_precision of

%=

+ Made |

JMU Alignment Stand

Do not strain your eyes, -

enlarged picture(s) will be ‘ -

shortly! w/ PM
cab
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AligripiESigis
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+ Alignment pii
from PMT
H#70489..
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Testing Minerva: Vertical
lice Test

all test detector tested using cosmic muons™= - = ==
ight Yield: 6.5 pe/MeV T I

+ Specification is > 4 pe/MeV
% Position Resolution: 2.5 mm G

+ Spec is 3.0 mm 1
4 Timing Resolution: 2.8 ns
% Overall: Everything works as required !

1.

ALEetat f
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Full Module Prototype

+ 1¢7| full assembly of a MINERvA module
st mechanical structure

"Integrated of inner and outer
detectors

+ Two planes of scintillator
+ Two stereo views

+ Planes tested with source for
uniformity

+ Completed Spring 07
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% 10 ECAL
+ Currently un

+ Initially deploye
tests

+ Plan to insta

+ Fully integrated te:

+ Measure uniformity

+ Full installation test:
testing and calibration *

+ Test tracking capability
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Test beam program

+92 phases
all array in the SOS spectrometer g
at Jlab
+ 150 to 450 MeV pions
4+ Spectrometer tracking
+ 3 planes with a steel plate
+ Larger detector in the MTEST at
Fermilab
4+ 40 planes of target
4 1 n? active area
* Full XUXV tracking struc
+ Removable Pd and Fe plates

% Planning a new tertiary
beam for sub GeV particles <

4+ Run plan in 2008
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MINERVA schedule

IINERVA received DOE critical decision (CD) 3a
proval this Spring
+ Authorization for advanced purchases
+ Bulk purchases being executed for PMTs, WLS
fiber, Clear fiber, PMT box components, steel and
lead
+ Review for full construction authorization (CO 3b)
this Summer
+ Included in FYO8 Presidential Budget for
Department of Energy
+ Construction to start in the Fall ‘08
+ Detector installation and commissioning in 2009
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-

so, stay tuned ...

(MINERA)
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