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What is MINERVA?

Main INjector ExpeRiment for v-A
Veto

 New few-GeV v scattering

experiment under construction
at Fermilab.

— Active scintillator inner tracking

volume |
— Quter calorimeter ' i
— Variety of nuclear

Fe, Pb) AN

* Optimized to study interaction
physics across variety of
scattering regimes.

17Sep09 Kafka/Paolone - MINERVA ’



What is it good for:

Single detector experiment -> Non-oscillation v physics:

« Axial form factor of the nucleon
— Accurately measured over a wide Q? range.

Resonance production in both NC & CC neutrino interactions
— Statistically significant measurements with 1-5 GeV neutrinos
— Study of “duality” with neutrinos

Coherent pion production
— Statistically significant measurements of A-dependence

Strange particle production
— Important backgrounds for proton decay

Parton distribution functions
— Measurement of high-x behavior of quarks

Generalized parton distributions

* Nuclear effects
ano0e — EXpect significant differences for v-A vs e/u-A nuclear effects




[What Is it good for: Help others

v oscillation measurements in

long-baseline experiments: . :
: : 1.2
- Need precise understanding of [ NEQpENPrediction |
low-energy (few GeV) neutrino 1L ﬁep p
cross sections. =~ | e
. @ o ol
- Need better understanding of L1 _
final-state hadronic system. 5 ]
@ 06 ‘
Complications: S . % |
- Existing data: ® ol | moow ss ]
: [ T s, O ANL-qel I [0 BEBC
- Bubble chamber data I P EEss e M | xae
(low statistics and large systematics) 0l ‘ ed". | NhéaﬁlG
- K2K, Miniboone (lower energies) t e WiREST T | o s
- Presently must use models with many | %/ {Dusel| | CNGS.]
ad hoc features to simulate hadron 57 Li 45 P ;‘02 -
production, nuclear effects. Neutrino Energy (GeV)

9/20/09 (Neutrinos at the Main Injector) 5



Low energy neutrino scattering

G.P. Zeller

N

-

Precision measurements of low energy
neutrino cross sections in an energy
region where reaction channels overlap.

o o o
£ [o}] (04}

o
N
T

Contributions to total cross section:

Oror = OQETORrps™ o

a(yN = wX)/E(GeV) (107® cm®GeV™")

OQE - Quasi-elastic: v(T) n(p) — = (n7) p(n)

Ogrgs - R€Sonance: yN — uN* Inelastic, Low-multiplicity final states
vN — pX

17Sep09 Kafka/Paolone - MINERVA



What we expect: Event yields

» Assume the following exposures: NUMI Beam Spectra
e 4x1020 POT LE §o.14f<1°g‘ SN
= - Beam MC -
« 12x102° POT ME (NOVA) 5 012
. - 'S 0.0 —HE
* Result in ~14 million CC events 5 1
* ~9 million on scintillator 3 0csl
—_ O
« ~5 million on nuclear targets 2 ol
£ 0.04]
T 00l
CC Process Type (on | Number of Sl 7
. 0.00 = ; : : ‘ : :
scint.) Events I

Quasi-elastic . Nuclear Target | Number of
Resonance Production 1.7M Events

Res-DIS Transition 2.1M He 0.6M
Region C 0.4M
DIS Low Q2 & Structure 4.3M Fe 2 OM
Functions o 2.5|\/|
Coherent Pion 89k CC, 44k NC '

Charm/Strange 230k Kafka/Paolone - MINERVA



MINERVA’s cross section measurements:

 Finely segmented tracking volume allows reconstruction of exclusive final states.

 Study properties of final-state hadrons — important as input for simulations of
long-baseline experiments (presently using ad-hoc modeling).

« MINERVA will reduce many current cross Estimated cross section uncertainties:
section uncertainties by a factor of 4 — 5. A.M. P.M.
* Suited to resolve 30% discrepancy between |QE 20 % 5 %
1 GeV and 5 GeV quasi-elastic cross section |res 20% CC /40% NC |5% CC / 10% NC
measurements. DIS 20 % s
Coherent 100 % 20 %
-39 Quasi-elastic ) )
— 16510 (Ante-Minerva) (Post-Minerva)
£ 14 = T. Katori, Nulnt 09
0 E-
T 12
10
8 = = MiniBooNE data with total error
6 % NOMAD data with total error
4 SciBooNE data with preliminary error
= RFG model with .\"l‘,‘ =1.03 GeV, x=1.000
2E RFG model with M{"=1.35 GeV, k=1.007
0: e : P R e AT | i PR R ok A
- RFG
10 1 10 ET (GeV) 8
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Cross-Section (10" °cm?)

...........................................................................................................................................................

. , FNAL83 D2 e ANL73 D
: -----------i-»-'-------ANL—7—7--D ----------------- —
. o> BNL81,D, v GGM79 c

B B S S ST

F, form factor:

- M, =1.0? GeV (all old expts, NOMAD)

1.27 GeV (K2K, MiniBoone)
- non-dipole?
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QE cross-section

-
o
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Coherent v-nucleus reactions

CC Coherent Pion Production Cross Section A-Dependence of 5 GeV GG Goherent Gross-Section
500 - —

N
N
a
T

a MINERVA
. FNAL (CC), Alderholz, Phys. Rev. Lett. 63, 2349 (1989)
v Aachen (NC), Faissner, Phys. Lett. 125B, 230 (1983)
. o GGM (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)
o+ BEBC (CC), Marage, Z. Phys. C43, 523 (1989) g
o CHARM (CC), Bergsma, Phys. Lett. 157B, 469 (1985) °o7e |
. CHARM Il (CC), Vilain, Phys. Lett. 3138, 267 (1993) oo |

300 ozs £/ |

oo™ cmzlnucleus)
N
T

Rein-Seghal

a

~N

a
[

a
')
[

N
a

Paschos-Kartavtsev

.....................................

o(v, + A —> w+n" + A) o i N R

o (10%° cm?)/'2c NUCLEUS

20 - MINERVA'’s nuclear targets allow

: the first measurement of the
100 ool A-dependence of o, across
+ = " a wide A range

1 L | AR N | L1 1 1 Ll (o S A ) I | e B | I Ll 1 1 I 1
0 2.5 5 7.5 10 12.5 15 17.5 20
E, (GEV)
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Fermilab NuMI beam

Absorber Muon Monitors
Target D . \ S |
ecay Pipe
Target Hall y Hp u* A v B ¥ R ¥ R
l20 Ge"’ -~ . z_'_ T i > ¢ 4l \‘; _S\; LdbosSs
protons N\ __— - ; - S\ SRR .~._.:- «.—”-- =5
From % W : F A _-- = e > | -‘ s ‘ %
Main Injector Horns mt _ = y+ bl 4 SN 1*2)& » Dp,
- "“.4----%‘;-..4 N 1 S
10m 0m v N e pEN
675 m e . Rock Rockl |Rock
. 5
Hadron Monitor - 12m  18m  300m

* Reversible horn current allows for v, or V“ beams.
* Movable graphite target allows variable beam energy.

*91.7%Vv,,7 %V, ,and 1.3% v, in LE configuration. |5} ™" e
« To improve our knowledge of the v flux: S0 o
- In situ measurement using the muon monitors; =
- Beam simulation improved: %o:m ]
GEANT4 based software, FLUGG; & ool 1
- MIPP particle production experiment using NuMI target: 80_000- Pt
data on hand, analysis underway. Energy (GeV)

e Sept’09: new target, new Hadron Monitor.
17Sep09 Kafka/Paolone - MINERVA "



[ MINERVA detector layout

« Scintillator Region: 8.3 tons (~3 tons

fiducial)
Side ECAL . Sotlllcli l;luc):lear Target Region: 6.2 tons (40%
scintillator)
T e
| | | MINOS
' | 7||| Iy \‘1 il ’iiii:: g Near
— Eil=! ,L |||I||“]|| ||| HHN | { i||::l! E;;:: Detector
i |1
— ’l li il (our muon
- | | spectrometer)
AL

Veto Wall Tracking Prototype

17Sep09 Kafka/Paolone - MINERVA 12



Details of MINERVA optics

/\ Particle  Assembled into 127-strip planes
O

/ Position by charge sharing
1.7 x 3.3 cm? strips
(2.5 mm resolution) O O O © O

WLS fiber in center hole ¢

PMT Box

I Clear fiber I

Scintillator & Optical
‘embedded WLS connectors M-64 PMT

13

Kafka/Paolone - MINERVA



Detector module construction

Optical cable®

| preparat

‘ Modma'-w

assembly

on
and, FNALY




Detector module

Steel + scintillator = module

Typical module:
* has 302 scintillator channels

» weighs 3,000 Ibs
« 3 types of modules

Full detector:
108 modules; ~30K channels.

HCAL modules
include 1”7 steel
absorber

ECAL modules
incorporate Pb
absorber

17Sep09 41 Kafla/Paolone - MINERVA
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Module mapping

» Comprehensive test of all
modules after assembly.

e Scintillator scanned with
Cs-137 source; read out
scintillator response.

» Mapper functions:

N ,'A,
b7 1

f
o

- MapS attenuation curve and Attuati:n f Iaytrp27| |

position of all strips. 100
- Localizes anomalies in TR | »;:W*@W%
T n "L W *
scintillator. S Lk
Q. 60— .
B F Strip
o “F M Pb absorber edge
=
N 20— i[ / \ I‘/
G B S B Ty p 2 s

16
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MINERvVA Tracking Prototype

* 24 full-sized MINERVA modules
(~20% of full detector)
* 10 tracking modules
* 10 ECAL modules
* 4 HCAL modules
* Veto Wall & trigger counters

PE

* Test stacking tolerances and )
interplay of detectorand IR
readout components. A

-+ Built and commissioned & A% ¥
June 2008 — March 2009. %58

*Taking cosmicray f : | |
data throughout =t | = |
the construction. | : :

) lllllllllllllllllllllll "‘,

Reason to celebrate!

5 10 6 20 2%

17Sep09 Kafka/Paolone - MINERVA module
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Tracking Prototype moved underground

* Moved the Tracking Prototype into

the NuMI beam March 16 — April 17

« MINERVA was taking NuMI data
mid-April to mid-June, 4x10'° POT.

* We estimate that we have collected
15k-20k CC v, events in a 0.9 ton

fiducial volume.

* We are now studying the events..

Safe DIS 6.1k
Low Q DIS 1.8k
Transition 5.9k
Delta 2.3k
Quasi-Elastic 2.8k
17Sep09 Coh. Pi Prod. ~80

- . /Y
o TP.(20% of idikdetiip NOMBeam *
31 )
- Added: Prototype Fe target plate
15

18
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Detector performance

« Energy thresholds: what can we see?

- Kinetic energy needed to cross 10 planes:
p > 175 MeV, n*->85MeV , u>70 MeV

- Resolving an electromagnetic shower: e, y > 50-60 MeV

« Particle identification:

- dE/dx: For tracks which stop in the plastic
we expect to correctly ID 85% K, 90% 11, > 95% p
- Electrons vs. gammas: By separation from the vertex.

« Muon reconstruction:

- 85-90% of p stop in either MINERVA or are analyzed in
MINOS. Above 2 GeV/c majority are in MINOS.

— op/p ~ 5% from range, 10-15% from curvature

19
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TP events: v, quasi-elastic candidates

vV, tn->p+p

- q 10’
-y ]
: 1 |35 :
_gm:— X| et | I.IJ'
5 sview || &1
7] : ] 130
Zo ! | 7 JE : 7 g 7 JE ;
100—0 i I I I % 3_5 lovgrer 5 § 3_5 lovg/er 6 f; "é lovgrer 4
I W IMs ¥
NON ' 1 | o — o : e : 35
80 Fo'alit I I: I 12°_L X-view 12°_L U-view 120 V-view L
g | =" 20 8 e g B R A B - g 0
[ ey |I | 100 100 100
Exai B a e ] 2
60 _g = 1 |: | 15 801~ 801 80
L~ » | I B S ' 0
>N |= |I : of = 601 60 s
401 = ! i i
uj' | :l IR o “r o -0
[ | - | z[l | zon:— 200 af I j
20F : 1. [ run: 596110 i i = 5
Lorun. ngIG 6 II @) | 5 [ gate: 1463 - slice2 r -PE>25: .
- event: 319 LL|||I I —— I i —— - e !
L 45 T 45 45
0 ||||||[1 |||||||||!I1|1|! _o ~3~§ tower 2 ::35 tower 3 §3-§ tower 1
5 10 15 205 ¥ B i
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
module module module module

...Both have long track exiting detector (muon) and short contained track with
increased dE/dx at endpoint (proton)
17Sep09 Kafka/Paolone - MINERVA
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TP events: m° candidate

10*
2
Rl R S e e e ]
R
i i ....... time:(us):
: | | T (1s)
1 1 14 1
= 5 = 5 = 5
L 45E L 45E L 45E
8 4F tower 5 £ .3F tower 6 £ .3F tower 4
s .3F S 3E g .3F
* BE >z 3E ® 3E
g 3 2 1.?: = 2 1..2: 3
. . = : 35
120~ X-view 120~ U-view 120 V-view w
(=% o [ o o
= Iz = = B : 30
4 B - o - L
® 100 N 100 100
- i i = 5
B T B B 0
60— = 60 - 60
i - a = i 15
B : .- = a 5
40 40 - 40 .
201~ run: 288/12 201~ 7 201~ 5
. gate: 48  slice: 1 g B
0 (T 1 | Ly OB A | | (T 1 B ) o 0
T asf T a3 T «3F
g {3 tower 2 £ 2sE tower 3 £ asE tower 1
S 25F S 23f s 23f
§ 13 § 3 g3
v L v L w7 L
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
module module module

m->yy y->ete

21
17Sep09 Kafka/Paolone - MINERVA



hits

strip

17Sep09

TP events: v,

time:(us):

10?
i
1
, ] 1801
= 5
% 45
E 3A§ tower 5
? 25
1
[
I
: =
’ T
y :
- I
— [
H i
60 l :
1
H [
1 1
40 1 i
1 [
' |
201 run: 542/44 S~
- gate: 27 Islice: -2
P NPV | R SO I
T asf I I
2 L4 I i towdr 2
$ 23F
Pl 2F
§ ik
) 5 10 15 20 25
module

strip

story+0.5%(bar-1)

story+0.5%(bar-1)

w3
1]
strip

10 15

module

V,+n->e+p
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20 25
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TP events: Pb in ECAL->Bwd tracks

I

I
T
bl OD - Tower 3
1]
|H| [N |J| Il I
0 2500 50‘00 7500 1 0(‘)0{) 12500 1 5(1}00
R Tme(ms) 75 g9 a5 90 95
ID - X View ID - U View ID - V View
100— 100— 100— - P o
—_— > 50— m g 50 50
Vv -
m -
- = s
e I S S — e I S S — o I S S —
73 80 85 80 95 73 80 85 80 95 75 80 85 80 95
OD - Tower 1 OD - Tower 2 OD - Tower 6
o S R S — 1171717 11T T
95 73 80 85 80 85 75 80 85 80 95
Module Number
23

75 80 85 90
Module Number

v, +Pb->p +fwd_trk + bwd_trk

Module Number
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TP

events: Iron target

[ron
Target

(10 cm
away)
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* (3 planes at JLAB)
« 40 planes, XUXV orientation as in full MINERVA
« Smaller than full detector: ~1.2 x 1.2 m?
« Removable lead and iron absorbers
* Fermilab Test Beam Facility upgrade:
Tertiary test beam designed to yield e, g, T, p
in range 250 < p < 1500 MeV/c, under construction,

fully commissioned by November ‘09. —
» Test Beam Detector to be finished, and :::: =
MINERVA test beam operations to -
commence, in 2010. 3000
n DIS
1000
17Sep09 Kafka/Paolone - MINERVA WS ;H—T;A éZIfe‘.,dF.:I:on M:,l:emuné(eevi)s 25




MINERVA Status and Schedule

« The Tracking Prototype has been dismounted.

* Installation of the full MINERVA detector has
commenced, starting with the HCAL modules.

* NuMI beam is returning now, running in Vp mode.

* Plan to install ~60% of the detector modules by mid
October.

« Module installation should finish in February 2010. ‘HM‘H\H H\WMMU MHHH

* Full detector should be ready to take v, data by
March 2010...

‘HCAL

Downstream ECA

26
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Conclusions

MINERvVA will precisely study v-nucleus interactions at 1-10 GeV:
- Fine-grained, high-resolution, detector
- High flux NuMI beam.

MINERVA will improve our knowledge of:
- Neutrino cross sections at low energy, low Q<.
- A-dependence in neutrino interactions (He, C, Fe, Pb targets)

These data will be interesting in there own right, and will be
Important to minimize systematic errors in oscillation experiments.

Expect to turn on early in 2010 ...

17Sep09 Kafka/Paolone - MINERVA 27
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Proposed FNAL NuMI run schedule

Start Physics Run in March 2010.

MINERVA requests to start with LE neutrino beam and
accumulate 4 x 1020 POT.

Before converting to the ME beam MINERVA requests

1.2 x 1020 POT for study of LE beam flux using variable
target position and horn currents.

Continue with ME neutrino beam and accumulate 12 x 1040
POT.

Kafka/Paolone - MINERVA 28



