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MINERVA In a Nutshell

* MINERVA is a dedicated neutrino cross-section
experiment operating in the NuMI near hall

—in a unique position to provide critical input for
world neutrino oscillation program
 “neutrino engineering” for NuMI program et al.

— provides an opportunity for studies of proton
structure and nuclear effects in axial current

« “Jefferson Lab west”
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HEP/NP Partnership

* This partnership is truly a two- way street

— significant NP participation
iIn MINERVA because of
overlap of physics with
Jefferson Lab community

aF Fermilab Today

Nuclear Option: MINERVA i ERvA offers us the possibility of
Attracts Nuclear Physicists

This is the fourth anticle in a senes on the — ng a I::uridge N our understan ding
MINERVA neutrino experiment. between the longer distance-zcale

4 oroperties of the nuclear P
force--rezponzible for the properies of
nuclzi--and the very short-diztance scales
explored in particle physics," zays

FRansome. "And thiz intermediate diztance
zcale i of great interest o both
communitiss.”

Nuclear PL

xpe s
HIS‘L[L‘I Education
User Information

Neutrino Physics Comes to JLab

The inner workings of the sun, the mysteries of dark
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
into neutrinos, the force that governs their behavior
and, surprisingly, the structure of the nucleus of the
atom.»

JLab program (JUPITER)

data for neutrino cross-section
modeling

— already run one dedicated
experiment
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physics case for MINERVA



MINERVA and Oscillations

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.”

30 March 2006 K. McFarland, Introduction to MINERVA 6



Why do we need to know more
about neutrino cross-sections?

« At 1-few GeV neutrino energy (of interest for osc. expt’s)
— Experimental errors on total cross-sections are large

(107*® cm?/deV)
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NuMI: Unique in the World

no near hall, limited no near near detectors off-axis
energy range hall in E~700 MeV beam

tunable, broadband beam energy from resonance to deep
Inelastic regime, spacious near hall, expecting a long run...
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CC Quasi-Elastic

* Quasi-elastic (vh— up)
— high efficiency and purity
* 77% and 74%, respectively

- PreCISe measurement OE scattering, Vo BHA 2003 Form Factors
2 ; . . . _
» absolute 3 ' ) —
normalization _ 08 ; : :
from beam flux %E 0.6 ;‘|| """""" gr.'r'rie:i.geh'{al;.-'é'.f-ma 'F’:.J'I;i"..'j;-"'fﬁ'c:'liid'e'd—;
— Nuclear effects S T T FermiGes Cin Emn=25 MeV
= T : ; ; ]
« C, Fe and Pb targets | } E } ﬁ
o2 - R AR IR ]
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CC QE: Form Factors

* Vector form factors Projected MINERvA
measured with Measuremeznt pf Axial FF
IeCtronS QE scattering, v,, F,(Q%)/dipole, My=1.014 GeV
e [ : L | I ¥ I ¥ ¥ ¥ ¥ | ¥ ? z ; I_
. . 1.50 | X Minerva, l"A(Qe) errors .
* Gg/Gy, ratio varies S N Gy?(@?). Polartzation/dipale
with Q2 - a surprise o " $ 1 : 04NL8£ D:’Mi_l_le; et al f | i
from JLab % 100 ,?{ ﬂ;‘# * 1 1 s
] :;: g | X y !
« Axial form factor % B {i *|x | _;
poorly known = b R + j
* Medium effects for F, § + + +
measurement unknown ¥ ————————F————
— Will check with > @ (GeV/e)
C, Fe, & Pb targets Range of MiniBooNE

& K2K measurements
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Coherent Pion Production

* Precision measurement of o(E) for

CC channel
— Reconstruct 20k CC / 10k NC TN
(Rein-Seghal model) 2o F al: =
o0 |- i distance
— In NC channel, can measure o | {1 o of 7 int
rate for different beams to aw || | #tracks | ¢ el
check o(E) N
* Measure A_dependence 0 uE' Fx ' .::._i-.-? - 'é. e 22 ;_ _:' 5In-__'-l-=;a-|:;"1“'1éu “Z00
° Good Control Of Coherent VS. : vislble charged tracks ||1ter:t|u:-n-:ll's-tan-:e
resonance, esp. at high E Wl L -
_ L : recon X recon t
— CC selection criteria reduces | | |
signal by factor of three .
— but reduces background ‘ E
by faCtor Of 1 OOO IIII I IIZI.EI I IDL‘II ' I]?EI I .D?EI = 1 ) JIili-:l. ID?EI n.a
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Coherent Pions (cont'd)

o (10° cm?)/'2c NUCLEUS

CC Coherent Pion Production Cross Section
500

. MINER’(\/A) (1989) A-range of current

a FNAL (CC), Alderholz, Phys. Rev. Lett. 63, 234¢ (1989

v Aachen (NC), Faissner, Phys. Lett. 125B, 230 (1983) measurements before K2K !
| o GGM (NC), Isiksal, Phys. Rev. Lett. 52, 1096 (1984)
400 - o SKAT (CC), Grabosch, Z. PhyS C31 . 203 (‘1 986) -Dependence of 5 GeV CC Coherent Gross-Section
» SKAT (NC), Grabosch, Z. Phys. C31, 203 (1986)

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

o CHARM (CC), Bergsma, Phys. Lett. 157B, 469 (1985)
+» CHARM [1 (CC), Vilain, Phys. Lett. 313B, 267 (1993)
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Oscillation Measurements and
Neutrino Interaction Uncertainties

* Current Generation’s Primary Goal:

— Precise Am? measurement from v disappearance MINOS
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 —v, transitions at one neutrino energy
— Biggest systematic concern:
» Predicting Background accurately NOVA, T2K
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
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How MINOS will use MINERVA

* Visible Energy in Calorimeter
iIs NOT v energy!
» 1 absorption, rescattering
» final state rest mass

5 Nuclear Effects Studied in Charged Lepton
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How NOvVA will use MINERVA
Measurements

ﬁ- 0.014F  --- Current o Errors o
H!: : .n.""
. @ 0012 g Errors after MINERVA
=5 F ”
o o Foee 5 0,01 — Statistical (S0ktxSyr)
Ve g\ LS - |_|L: N -
0,008
NC C
NC e o
¥ Far Dre[ector C.0as u
cc % 0.004F
3 Iba]] o -
Near Detector be\e;m 0.002—__. ”
820km 1:]';1--r-r11"|'-r"|"|“|--1-.|.-|“-|“|-.|d|“‘|rllI;Hl EENEEEERIEEEEE NSNS NN RN
NC g Q.0 .02 0,03 0,04 0.05 .06 0,07 Q.08 1,02 0,1
a3
v, CC =10 E'E:ja
Far Detector
Process QE RES COH DIS
dc/c NOW (CC,NC) 20% 40% 100% 20%
do/c after MINERVA (CC/NC) 5%/na | 5%/10% 5%/20% 5%/10%

Without MINERVA, NOvA risks being limited by cross section uncertainties
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How will T2K use MINERVA
measurements

w0 | ! T2K Events at SK (NoOsc)
v, O multi-pi

T2K Events at SK (Osc¢)

Note that as in NOvVA, T2K’s near
detector will be a very different mix of
events than the far detector.

To make accurate prediction, need

*1 -4 GeV neutrino cross sections
*Energy Dependence of cross
sections

MINERVA can provide these with
NuMI beamline Low Energy running!
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Basic Detector

 MINERVA proposes to build a low-risk detector with
simple, well-understood technology

* Active core is segmented solid scintillator
— Tracking (including low momentum recoil protons)
— Particle identification
— 3 ns (RMS) per hit timing
(track direction, stopped Kit)

« Core surrounded by electromagnetic
and hadronic calorimeters

— Photon (n%) & hadron energy
measurement
« MINOS Near Detector as muon catcher
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MINERVA Optics

(Inner detector scintillator and optics shown,
Outer Detector has similar optics but rectangular scintillator)

Particle For the Inner Detector, (WBS 3) scintillator is
\ assembled into 128 strip scintillator planes

Position determined by charge sharing

Scintillator (WBS 1) o (@) o @) o

1.7 x 3.3 cm? strips
Wave Length Shifting
(WLS) fiber readout in

center hole (WBS 2) PMT Box

Clear fiber (WBS 5)

I Cable

— , (WBS 4) Clear

Scintillator (pink) & , fiber oDU  BANLEERS)
embedded Wave Length I Optical —

Shifting (WLS) Fiber Connectors M-64 PMT
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Electronics

DAQ
«  Front-end Electronics (WBS 7.1) with RAID
— Digitize charge and time =
— use FNAL-developed TriP-t chip ? Fe""|"ab Hetwork
— High-voltage for MAPMTs PVIC/VMI! Interface l%/ Permanent
. DAQ and Slow Control (7.2,7.3) <S SR
— Front-end/computer interface Control Room
— Distribute trigger and . sonsole
SynChronization LoIvVY\(;glitearge P’*ft:j Optical Fibers

From Detector

Distribution System

« Power and Rack Protection (7.4)
— 7 kW total LV power to

LVDS Digital Token Ring
(4 Rings/VME Module)

electronics
M64 MAPMT and
CROC VME TRiP-based Multi-Buffer
Readout Digitizer/TDC Card with
Module (x11) Ethernet Slow-Control
Interface

(12 PMTs/Ring)
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MINERVA Detector Module

Outer Detector (OD)
Layers of iron/scintillator for
hadron calorimetry. 6 “Towers”

s A frame with two planes has

- : - 304 channels

«* 256 in inner detector

+» 48 in outer detector
(two per slot)

s 4% M-64 PMTs per module

Lead Sheets = OD readout ganged in
for EM groups of four planes

\ calorimetry

16[2]:—"‘— Inner Detector (ID)
Hexagonal X, U, V planes for
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Parts of MINERVA Modules

 An Outer Detector Frame is
assembled from steel
towers

 Frame hooks and support
spacers are added

* One or more planes of
scintillator is added

— PDb ring for the side ECAL
(not in DS ECALSs)

— complete active target
“module”
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Parts of MINERVA Modules
(cont'd)

« Modules are stacked |
up like hanging file Ll
folders onto the stand -

— spacing set by
flatness of OD
steel, fiber
clearance

* Nuclear Targets in
separate (passive)

frames interspersed NI
* Veto Wall in front of )

the detector

_S)
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Parts of MINERVA Modules
(cont’'d)

e (Calorimeter modules are
built by adding absorbers

— one 17 steel absorber
and one scintillator
plane in DS HCAL

— two 5/64” Pb absorbers
and two scintillators in
DS ECAL
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Complete Detector
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folders on a stand
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completed detector

Different absorbers for
different detector regions
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Planes
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1
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Target 60 0
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MINERVA as Calorimeter

+ Material in Radiation lengths |HHIHHHHH!\WWWMIWWWU _

|III| |l Side EGA [llllll]llllllillllll
— Relevant for photon and
electron analysis

— Side & DS Pb has 2mm plates

|,
A !‘II  EC AL LI

LA HVWHH\\\!\H\HHHWHHWW

i total steel | 18 ¥ Veto Wall
total Pb — 16
= total plastic 14 g:f
12 §"
10 <
i)
8 %
6 &
(14
4
2
0

- = = v~ v~ v~ = = =

Angle (Degrees)
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Y Reconstruction

= photons cleanly identified and tracked

= 10 energy res.: 6%/E (Gev)

= For coherent pion production,
70 angular resolutlon < physics width

| RMS 0.8160E-01 900
8001 —— Generoted
J00L ====- Reconstructed
‘ ‘ 0
Resonance

500

events with m° 10 400

300
200
1 l | 100 =
0 0.5 1 1.5 7z 8.5 0.85 0.9 095 1
_________ E(n°) (Mecswed/l rue) Cos (0,)
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MINERVA as Range Tracker

« Material Thickness in (dE/dx),,, 'HH'“HH“HHHWWW"MMWW |

. |III| || Sjde ECA [llllll]IIIIIIillIIll
— Relevant for ranging out
low energy particles

D
A !‘II  EC AL

.+ (AT HUHHH\HH\H\HHHWHHWW

F total steel ¥ Veto Wall

| total Pb

Angle (Degrees)
30 March 2006 Overview and Performance of MINERVA Detector 28



Muon Angular Resolution

« Charge sharing gives precise
coordinate resolution, g~3mm

* Forlong tracks (muons), get
many space points

— excellent angular resolution
— <1° for exiting muon tracks

; 1
25 2 45 4 085 0 0F 1 15 2 25

nql
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Particle Ildentification

Particle ID by dE/dx in strips Chi2 differences between right
and endpoint activity and best wrong hypothesis

_ 200 - T

150 [ o L,

' P_rolon 100 L il H TC
Kaon 50 [ J_IJ‘H ILL,L
Pion 0 Dot 4065 i % ) 8 i i 1

Al | e Al 1
<100 275 50 25 0 25 50 75 100
X2 = MINQ(2305x2)

dE/dx (MeV/(g/cm?2))
SHNWE NS00

400 [
B L5 g 0 0 e g1 g 200, & [
25 50 75 100 125 150 175 200 - iy HL
Xstop (g/cm?) 200 © / L K

N:S_ TE r’H LLH”L'H—M
£2.5 0 b B o Booa os 1o 3 kil R g ol 8 e
%‘32; 100 -75 -50 25 0 25 50 75 100
1.5

A2 = MIN(Y2,%,2)

>

2 150 I

% 05. ochpencbi b doodapo i dagn ; mﬂf o I\LLLI o

% Xsop (g/cm?) 200 275 50 25 0 25 50 75 100

Many dE/dx samples for good Xe? - MINC2: 1)

discrimination R=15m- p:p=45GeVic, n= .51, K=.86, P=12
— sensitive to light yield R=.75m- p: n=.29GeV/c, n=.32, K=.62, P=.93
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MINERVA with MINOS Near

IHHIIlHHHH!\WWWWHWW\I\WI\

|II[| 1] Side ECE Wlllllllhll[ll[llll

,_||||§*"3

MINOS Tl HHHHHH!H\HHHHHHH H\HHHH\\H\H\HHHNHHHVW

iy Near ¥~ Veto Wall
1.6 Coverage r total steel | |

| total Pb

i 1; o total plastic | | g (dE/dX)mm |nadequate fOf' H
: — Rely on MINOS

— For high momentum,
analyze by bend in field,
i y ) Angle (Des;rees) ¥ g 6I:)/p“"l 2%
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progress in detector R&D



Prototyping

 MINERVA has two foci of prototyping

— demonstrating basic element performance
« scintillator/WLS light yield
* clear fiber cable transmission
* electronics: noise, charge sensitivity
— demonstrating construction feasibility
« extrusion of scintillator
 prototype PMT box, PMT alignment scheme

 scale modules of module assembly
» fiber gluing tests
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Scintillator Prototypes

« Focus on producing first ID scintillator triangles
— Demonstrated feasibility of meeting mechanical specs
— Provide scintillator for light yield measurements

— Detailed estimates of labor costs
 Funded by DOE University funds, FNAL FYO05 funds

r

ID Triangle Die Co-Extruder
(July 04 present) (Oct '05-present)
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Fiber Qualification

« WLS Fiber testing and qualification

— attenuation and light yield of WLS fiber for different dopant
concentrations (g Ao s =5t e

~ fiber flexibility L emas g
and light loss tests

Relative Light

Light Loss by Bending (Kuraray 300ppm, 1.2mm) Light Attenuation
- 1.02 212 3
= = - 1
E ) | — s-35 (300ppm)
3 r = B : ]
R0 e 2 1 : : : { — Non-S {150ppm)
¥ L I 3 ; : : . .
R R s s Tt st v 2

o I ot

0.981 § H D.ﬁ-
~F \..\; C
0.971 i A 0.4F
008 oo e : : : gt
PP N I S IR N E
25 05 1 15 2 25

Number of Wi ok :
umber of Wraps 0 50 100 150 200 250 300 350 4“0 450
Distance (cm)
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Prototype Fiber Cables

« Here the foci are:
— engineering and prototyping
for production tasks
— procurement from industry (connectors) .

— transmission measurements

2 DDK cables, grease/no grease, Indiv fibers & Hardwore sum

T T T T T T q
39 I\ Ave=1.196 rms=0.012, Cab 3, Ind Fibers]

5 [ Ave=1.195 Cob 3,Hardware Sum ]
%, Ave=1.095 rms=0.016, Cab 4, Ind Fibers]
25 % Ave=1.121 Cab 4,Hardware Sum 7]

2

YT T AT FIIFTR

wl 1 & A N
1.05 1075 14 1425 145 1175 12 1225 125

Transmission, grease/no grease
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Prototype PMT Assembly

* Focus on learning steps required to
align, test and safely house the
photomultipliers

» Interface-heavy tasks (esp. WBS 5)
are making use of many other early
prototypes

— fiber cables, PMTs, electronics, etc.
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Front End Boards

— 16-channel prototM | el
;f

summer 2004 vertical slice

— LVDS ring/interface and timing jitter
successfully tested with four FE
prototypes (end 2004)

HV voltage prototype card tested (Oct 2005)
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Mock-ups of critical components for:
— time-motion studies of assembly
— determine tooling, fixtures required

— feasibility evaluation of installation,
repair procedures

30 March 2006
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VST1 array,

q00

8GO0 ;
700 F
600 |
500

400
200

200 E
100 E

electronics
and DAQ

11 PE/MIP
per doublet

E J |l_\_,l_”
Foovd v b ST T ey

Extrapolatesto _
18 PE/MIP '

(5.4 PE/MeV)

in final detector
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Continuing VST

 We have tested “more realistic” gating and readout of electronics
— continues to indicate we can meet timing, noise specifications

 We have used VST setup to project our light yield with different
scenarios for scintillator assembly.

« The key test is demonstrating light yield, position and timing
resolution with the final extruded scintillator

— Have fabricated and installed
multi-layer array for cosmic ray
tracking. now filled with co-extruded
scintillator with glued in fiber

— Setup is functioning. results soon
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conclusions



A Brief History of MINERVA

December 2002 - Two EQIs for neutrino scattering experiments using the NuMI
beam and similar detector concepts presented to the PAC. PAC suggests uniting
efforts and preparing proposal.

December 2003 - MINERVA proposal presented to PAC. PAC requests more
quantitative physics studies and details of MINERvVA’s impact on Fermilab

April 2004 - Proposal addendum containing additional physics studies and report
from the Impact Review Committee presented to PAC. Receive Stage | approval.

Summer 2004 — Begin R&D Program concentrating on front-end electronics,
scintillator extrusions and a “vertical slice test”

Fall 2004 - Proposal to NP and EPP of NSF and to NP and HEP of DOE to fund
bulk of MINERVA.

January 2005 - First Director’'s Review of MINERVA

Spring 2005 — With release of FY06 budget, DOE of budget process crystallizes;
decision that MINERVA must be primarily funded through FNAL budget.

June 2005 — MINERVA project management and structure begin to form
December 2005 — FNAL Directors’ CD1/pre-CD2 readiness review

February 2006 — Update funding profile without FYOQ7 start to MIE. Begin single
module prototype
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MINERVA...

* Opportunity for unique and critical FNAL role in
world neutrino efforts in a modest-scale project

— only possible because of investment in NuMI
— needed to fully leverage oscillation potential at NuMI

* On track technically to build and use detector
— R&D and prototyping progressing

 We are doing what projects do...
... Including waliting for approvals and funding
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more on detector



Mass of MINERVA

Fully
Active
Target:
8.3 tons

Nuclear
Targets:
6.2 tons
(40% scint.)

30 March 2006

Side HCAL: 116 tons Side ECAL Pb: 0.6 tons

side (! s DL |

‘ DS ECAL:
;“F 15 tons
I =

= !!’: m

0| @ bl ["5 ®

Qi ml\llli iyl |||U|| i L
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il 1 H Mz 2]

¥~ Veto Wall
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* Fiducial Volume Cuts: radius<75cm
» Look at acceptance for muon

— Active Target >T 06 -

(>50cm from DS ECAL)

— Nuclear Target Region

Inelastic
Scattering

E Unreconstructable
00 Ranges Out
B Analyzed In MINOS

13 5 7 9 111315 13 5 7 9 1113 15
Neutrino Energy (GeV)

Muon Reconstructibility, Nuclear Targets

 |n kinematic extrema of interest:

— High x DIS: (x>.7)
* Analyzed in MINOS:

>90% active TGT, | —
>80% nucl target _ 07+
. . (& 6
« Remainder escape the sides 5, |
Qo
—_ ngh Q2 Quasi-Elastic: T 0'3: Deep Inelastic
. Analyze d in MINOS: 0'2 | B Unreconstructable Scattering
. : ' OJ Ranges Out
>99% active TGT, 0.1 B Analyzed In MINOS
>86% nucl. target 0.0 —
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Neutrino Energy (GeV)
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Nuclear Interaction Lengths

o =~ N W » O O N 0

MINERVA as Calorimeter

 Material Thickness in Nuclear

IHHIHHHHH!\WWWMIWWW\I\WI\ _

Interaction Length S atll L Side ECAL | Ihi

— Relevant for containina
single hadrons or hadronic

1D
Showe rs L 11||||n|| Side EC v uwmnmm it
8 MY~ veto wall
r total steel 7 w
| total Pb 5 §,
= total plastic E:
5 ¢
o
43
3 £
1 3
0
Angle (Degrees)
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Hadronic Energy

Resolution for 2-3G=V protons

- Single proton resolution in T
quasi-elastic events §« T setOD thickness
(P,~2.5GeV) —— = l here
« Studied dependence of both on [ i : e
calorimeter thickness S ' .-,n
— thinned without =[]
compromising resolution or ~ =| .
adding low-side tall 5 =
« Shower energy resolution g/, onyazcm ]
in deep inelastic everM e e ]
(v~1.5 GeV, 5 GeV) [
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sample events



lllustration: v ,n—p=p

* Reminder: proton tracks from quasi-elastic events are
typically short. Want sensitivity to p,~ 300 - 500 MeV

« “Thickness” of track proportional to dE/dx in figure below
« proton and muon tracks are clearly resolved

« precise determination of vertex and measurement of Q2

from tracking
T

nuclear targets
active detector
ECAL
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nuclear targets
active detector
ECAL

HCAL

y resolved (tracked).

—two photonsclearl
can find vertex.

— some photons shower in ID,
some in side ECAL (Pb absorber) region
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more on oscillations



What about Near Detectors?

« MINOS Near Detector:

— Can't test nuclear effect models with only one
nucleus!

« NOVA and T2K Near Detectors:

— Can’t measure energy dependence with only one
energy

— If near design is same as far, can’t separate
backgrounds any better near than far

MINERVA design solves all
three of these problems
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Old NOvVA vs New (TASD) NOVA

beam
beam \ase® + signal g 0.014F === Current o Errors (old)
5 YR Ve = x
e V’ 2 0.012f - o Errors after MINERVA (old)
o B
NC VN(S: s 0.01 — Statistical (new)
v“ Far Detector L 0.008:
ST < -
CC "2 0.006f
{35 : -
ajl} b i
Near Detector et i
v, 0.004}
NC RS
V. CC 0_‘ """""" GEE T Ao il Lo [ L
£ 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Far Detector .
sin®20,;

What about the change from old NOvVA design to new design?

Old: FD background was %2 beam v, 2 other

New: FD background is 2/3 beam v,, 1/3 other

New: Signal has more resonance contributions, more poorly known process
Extrapolating near to far will be easier, but probably by ~30%...

Statistical error is about the same (same FOM)
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more on other physics



Event Rates

Fiducial Volume:
3tonsCH,= 06tC,=1tFe and=1tPb

Expected CC event samples:
8.6 M v events in CH Assumes 16.0x102° in
1.4 M v events in C LE, ME, and sHE NuMI
2.9 M v events in Fe beam configurations
) over 4 years
29 M v 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 85 KCC /37 KNC

Strange and Charm Particle Production > 230 K fully reconstructed
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Strange and Charm
Production

MINERVA will focus on exclusive

Gargamelle-PS - 15 A events. FNAL - = 100 events

channel strange particle 2GS -30 events BNIL - 8 events
p r.od u Ction Larger NOMAD inclusive sample expected
— small sub-sample of fully MINERvA Exclusive States
reconstructed events : 100x earlier samples
Important for background 3 tons and 4 years
calculations of nucleon decay K A 105K
experiments wrtK A2 5K
wt KO A° 6.5 K
wK-K*p 50K
] ] wKOK*n0p 1.5K
Measurements of inclusive charm | AS=1
production near threshold to on B
probe charm-quark effective mass o KO 20K
L. AS = 0 - Neutral Current
— siimilar to NOMAD v K+ A0 35K
v KO A9 1.0 K
v KO A0 30K
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GPDFs: Weak Deeply Virtual
Compton Scattering

v
V\/ y W> 2 GeV, t small, Ey large -
Exclusive reaction
W+ ~N

* First measurement of GPDs with neutrinos
 Weak DVCS would allow flavor separation of GPDs

* According to calculation by A. Psaker (ODU),

MINERVA would accumulate 10,000 weak DVCS
events in a 4-year run
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Resonance Production - A

#Resonance Production (e.g. v+ N -->v /u~+ A, 1600 K total, 1200K 1)

Precision measurement of o and do/dQ for individual channels
Detailed comparison with dynamic models, comparison of electro- & photo production,

the resonance-DIS transition region -- duality
Study of nuclear effects and their A-dependence e.g. 1 m <— > 2 n <—> 3 & final states

Total Cross-section and do/dQ? for the A** - Errors are statistical only

U.B T T T T T | T T T T

|
dSigma/dg~2

1 1 1 1 1
0.8 1.0

1
0.0

Enu



Nuclear Effects

0 0.2 0.40.6 0.8

Q2 distribution for SciBar detector

Data

NC

CC multi
coherent &t
CCin
CCQE

s

1.2 1.4 1.6 1.8 'g
GeV

1
Q2

Fraction of Events /0.1 GeV>

0.1

® Data

[ Monte Carlo

MiniBooNE
From J. Raaf
(NOONO04)

Tkt be ol

em has existed
' non- QE for over four years.
~cfofs. Nulnto~  Coherent?
i 38 MINERVA
can separate.

+ K2K Near Det

O

sl

2GaV° ey

All “known” nuclear effects taken into account:
Pauli suppression, Fermi Motion, Final State Interactions

They have not included low-v shadowing that is only
allowed with axial-vector (Boris Kopeliovich at Nulnt04)

L.=2v/(m2+Q?) = R, (not m,?)

L. 100 times shorter with m_allowing low v-low Q2 shadowing

25

ONLY MEASURABLE VIA NEUTRINO - NUCLEUS
INTERACTIONS! MINERvA WILL MEASURE THIS
ACROSS A WIDE v AND Q2RANGE WITH C:Fe:Pb
Q'GeV) K McFarland, Introduction to MINERVA
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http://hepunx.rl.ac.uk/~candreop/minos/meeting/2003_05_27/ANN.pdf

Difference between v—A and p—A
nuclear effects in DIS

1.2 F, — 12 L IIIIg::n.-'Nuclecuul ) " F(neutrino) i
Lead/Carbon | 0" =0.25 GeV" Fp{muon) ------
1.1 11+
1 Ir,"’m
// 1
0.9
09 t
0.8
08 r
0.7
- U? L
0.6 o
,,,,,,, - 1 10
0.5 . v, GeV H
0.001 0.01 0.1 Sergey Kulagin
Bjorken x e . . ———7 T
Kulagin Predictions: Fe/C and Pb/C - ALL EVENTS - 2-cycle ].: B ]'_,gad.-'ﬂa{hﬂn 2 ].:EI;];'lE'l.'ltl'.ll'l.{!-:l
0 . 0° =025 GeV~ Fap(muon) ------
[
0.97
$
]
s , 3 Fe/lC
O
<
[
0.7 g Pb/C
B
0.6 7
[
0.7
0.5 T M | 1 L L L PR T A |
.00 .0 .
1 Xl 1 ]. ]_|:|
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more on prototyping



NuMI beam



NuMI Beamline

 FNAL has recently commissioned NuMI|
beamline for MINOS long-baseline experiment

 Why is NuMI an ideal home for a neutrino cross-

section experiment?
— Variable energy, well-understood neutrino flux
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The NuMI Neutrino Beam

Main injector: 120 GeV protons : L km X
S e e e e e e =

ﬁ 1;,11:: 'LEF / \l : Target Hor:l%/ i - OIC',mitAisorber Muon Monitors Near Detector
mynm =
[ rll L = }
: v i i '|l o
S _I A \ _
u .i/ l e '.:L"‘:f"“ E’t“u y 3
:-:. fuxn ,"’\.n-/"ﬁ"“'-._,_ 1:5:i
E 0000 { HE II_ - — 50m—>» =«———— B75m —» —~—— 240 m —»
- / \
Tunable  §=r /| \ . _
beam : .--m-.LEJ,‘ ||" \ Move target With E'907(MIPP) at Fermilab
ener ;u i \ and 2nd horn (measure production from NuMI target)
ay L S N expect to know neutrino flux

L1 x 8 ] 3 L L= i

Ey to *4%.
30 March 2006 K. McFarland, Introduction to MINERVA 67



NuMI: MINOS

700

500

400

300

200

100 He

ND Events

Low Energy
Target back 1m
Target back 2.5m

Plots from N.Saoulidou, Fermilab Users Meeting
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NuMI Beamline

 FNAL has recently commissioned NuMI|
beamline for MINOS long-baseline experiment
 Why is NuMI an ideal home for a neutrino cross-

section experiment?
— Variable energy, well-understood neutrino flux

— Spacious on-axis near hall
« also possible off-axis sites
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NuMI Near Hall

Target -

%— Enclosure

(=
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NuMI Beamline

 FNAL has recently commissioned NuMI|
beamline for MINOS long-baseline experiment

 Why is NuMI an ideal home for a neutrino cross-
section experiment?
— Variable energy, well-understood neutrino flux

— Spacious on-axis near hall
« also possible off-axis sites
— High intensity
« statistics for low mass detector, capable of reconstructing
exclusive final states
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NuMI| Beam Intensity (Near)

140000 ! ]
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