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v Interaction physics
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Earlier CCQE Results
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ata, Still Inconsistent
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« New Data

« Clear inconsistency between MiniBooNE/SciBooNE and NOMAD
results
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*Fermi gas model, nucleons obey Pauli exclusion principle

—Nucleons fill up states to some Fermi momentum
—Maximum momentum kg~ 235 MeV/c
*Nuclear binding, additional binding energy which in simple
models is treated as a constant.
*Pauli blocking for nucleons not escaping nucleus, as states
are already filled with identical nucleons

*Rescattering and Absorb in nuclear

media

—Resonance —QE, & is lost
—Kinematics of event are modified

SS12010
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MINERVA

 Precision measurement of cross sections

in the 1-10 Gev region w
g ] \/
— Understand the various components S w
of cross section both CC and NC ——

 CC & NC quasi-elastic
» Resonance production, A(1232)

 Resonance«deep inelastic scatter,
(quark-hadron duality) w'
* Deep Inelastic Scattering b —"

« Study A dependence of v interactions in
a wide range of nuclei

+ Need high intensity, well understood v.-"———"
beam with fine grain, well understood S w

detector. L
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NuMI Beamline

Graphics by R. Zwaska Absorber Muon Monitors
Decay Pipe

Target
_ \ Target Hall
120 GeV

yrotons
I _;\
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From
Main Injector

i ' NuMI Beam MC ‘: Hadron Monitor e 2m 18m  210m
;5".‘ e | * 120GeVPBeam — Ctarget — m" " &K'~
] _ME | * 2hornsfocus m*and K* only
:Ewo_ _ * MeanE, increased by moving target upstream
E Wb R and K* — p*v,
7 ¢ Absorber stops hadrons not
00; o TTT— 2(_) * uabsorbed by rock, v — detector
Neutrino Energy (GeV) » Before Mar 2012 LE beam, After 2012 ME beam
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p beam
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Most v experiments use a MC of beamline
tuned to existing hadron production to
simulate the production of the neutrinos in
the beam line

External hadron production data
— Atherton 400 Gev/c p-Be
— Barton 100 GeV/c p-C
— SPY 450 Gev/c p-C

New FNAL MIPP experiment uses 120
Gev/c P on replica of NuMI target

Not easy to get flux precisely this way

Plot shows prediction of CC interactions
on MINOS with different production
models each consistent with experimental
production data.

— Variations 15 to 40%

In additional 2 to 10% error from horn
angle offset &current errors and scrapping
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* In situ method to measure flux

* Plots show (p, ,py) of
7t contributing to v flux.

« “Special Runs” vary
— Horn current (p; kick

supplied to 7’s) i

— Target Position (p, of I
focused particles)
e Minerva will acquire

data from total of 8
beam configurations

— Measure events with QE

* Normalize flux at high energy
using CCFR/CHARM total
Cross section

* Goal 1s 7% error flux shape &
10% error on flux
normalization

", LE10/185KA

P, (GeV/c)

k from

| m*ev, LE250/200kA |

> o 2 o o o o
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Absolute Flux with u Monitors
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MINERVA Detector

Fully Active Fine Segmented_Scintillator Target
Cryotarget 83 tons, 3 tons fiducial

WP (e cabion | 7 &
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Veto Wall « Made of 120 planar “modules”.
Nuclear Targets with Pb, Fe, C, H,O,CH — Total Mass: 200 tons
In same experiment reduces systematic — Total channels: ~32K

errors between nuclei
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MINERVA 1 Spectrometer

The MINOS Near Detector 1s MINERVA u Spectrometer
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Scintillator

Tracker
scintillator
packaged into
planes.

Fibers mirrored on

Particle far end. Near end
\ Position determined by charge sharing  terminated in
optical connector,
O o O o O polished, and light-
tightened.

\l SS12010 14



Module

Steel + scintillator = module
Typical module:

* has 302 scintillator channels
» weighs 3,000 Ibs

» 3 types of modules

Full detector:

120 modules; ~32K channels.

HCAL modules
include 1” steel
absorber

ECAL modules
incorporate 2mm-

thick Pb absorber
SSI12010
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Broad Range of Nuclear Targets

« S nuclear targets + water target
» Helium target upstream of detector
* Near million-event samples

(4x1020 POT LE beam + 12x1020 PQOT in Scintillator 3 9
ME beam He 0.2 0.6
C (graphite) 0.15 0.4
- Water target g Fe 0.7 2.0
K Pb 0.85 25
5 Nuclear Water 0.3 0.9
Targets
Fe Pb. C

N

10
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CC Sample

x10
- 9 N T T T T T —:
o Current run plan 2 Sk ;ﬂj‘;’“ﬂ . ;
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: N g B /<1.3 inelastic :
o Yield: ~14M (CC events) > 5F B cuasi-elastic —5
. . . 0 o 1
OM in scintillator = 4
2 af NuMI Low Energy Beam
Quasi-elastic 0.8M o ,f (neutrinos) :
Resonance production 1.7M 8 F :
Resonance to DIS 241M = T}
transition region 0
DIS Low Q? region 4.3 M 0 > w1 20 2 30

neutrino energy (GeV)

and structure functions

Coherent Pion Production CC 89k, NC 44k
charm / strange production 230 k
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MINERVA Events

RHC, Anti-v Beam
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strip

MINERvVA Events

« Showing X view
120 X-view
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CC Vertices in MINERVA
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Kinematic Distributions
Anti-v Inclusive CC Data

30f
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Track in MINERvVA which matches a track in MINOS,

this imposes few GeV cut

— Requires hits < 1m radius

— XY vertex distribution

— Momentum from MINOS + de/dx in MINERVA

SS12010
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Distributions in Anti-v Beam
Anti-v CC, Data vs MC

MINERvVA Muon Angle: v“ CC Candidates with p* in MINOS

MINERVA Muon Vertex: ¥, CC Candidates with p* in MINOS n . pR——
- EU‘U Tr:l:lu Pi'.]':.ﬂ: Focused EFL-.r*.an]r I l - §0 1400__ Preliminary 4?2:{:01 ' dB
.§ 700 + . Preliminary g‘“ 1200f
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ﬁ Sm 1oy Drada Sm :_
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° 4.04 X 1 O POT In RHC, ant|'V mOde @ 1800: .. 4.04E19 POT, @ Focused Beam
§ 1600E- Preliminary 4 D
« MC generator GENIE v 2.6.0 S Laoob
— GEANT4 detector simulation 1200F o e Nermateet
. 1000
— 2x 10" POT MC , LE Beam MC anti- soof- | &
v flux, untuned 600
. 4
— Area normalized o B N
(]

Require reconstructed muon in MINOS
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Distributions in Anti-v Beam
v CC, Data vs MC

MINERvVA Muon Vertex: v, CC Candidates with " in MINOS

MINERvA Muon Angle: v, and FH CC Candidates with u in MINOS

-~ | 4.04E19 POT,  Focused B - : :
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* v Distributions same conditions S sa
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as before 700
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* Very good agreement between ﬁ i o
Data and MC }E

200
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CCQE, Measuring F,

The hadronic current for QE neutrino scattering is given by:

10 Ny qy

i ulpr) ()

+ av5Fa(q?)

< p(p2) | [n(pr) >="(p2) | 7af7-(¢%) +

The Dirac/Pauli form factors £ (¢*) and are given in terms of the Sachs form factors by:

p
Ve 2y 4 Vo2
w2 B T O _ Gy(e®) = Gild?)
v(q%) P ’ 2 :

L= AM? 1_4M2

CVC used to determine G’E and G}} from the electron scattering form factors (7, o GE . and Gy

Gpla®) = GR(e%) — GB(d*), Gu(a®) = Ghy(d®) — Gl (d°).
The dipole approximation:

1 A
Gplg?) = M2 =071 (GeV/c)2, Fa(¢®) = g

-17) (-13)

GE — GD(qz)? % — 0? Gigf — NPGD(QQ)? E&f — :U’RGD(qz)

G E and G}{f are related in the non-relativistic limit to the charge and magnetic distribution.
In the dipole approximation, p(r) = e "™ rms of radius ~ 0.81 fm.
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Form Factors Dipole?

- — Kelly 2004

“F e Puckett 10 JLAB RP
- = PUNJABIO3 JLABRP ;
- v GAYOU 01 JLAB RP
- o POSPISCHIL:01 MAMI RP/

G/ 1,.Gy

11
9

@? (GeVic)’
—|—I—I—I'I'|'I'I1—I—H—I—HH‘|—I—I—I—|'I+I+|—I—I—|'H

10° 10" 10°

[(GeV/c)?]

Previously, the vector factors form factors
were assumed to be a dipole form

However, there is no reason why they should
be dipole

During the last 10 years, the EM form factors
have been measured with impressive
accuracy

Plot of GgP /G,F
— From data compilation of JJ Kelly

— Added lastest data from
Puckett et al.PRL 104,242310 (2010)

— If G¢P and G, were dipole with same
M,,, this ratio would be flat.

Gu"/dipole- JJ Kelly, PRC 70, 068202 (2004)
Hence, we can’t assume F, is dipole either.
F . is @ major contribution to the cross section

SS12010 o4



FA(QZ)!deole

T  Experiments assume F, is a dipole &
I c determine M, by fit and/or normalization
1_4: LT OUURUOON NN OO SEOTROT OTNOTt OO OOt ST . We Can eXtraCt FA dlrectly
12l I O W B 1 o =aF,°+bF,+c
« a, b, c =](vector ffs) over flux in bin
1 B __________________ 1. __________________________ o Extraction Of FA for the D2 experiments
- Hence, with the high statistics ME data we
n_s_ “ ................... 1. .......................... can eXtraCt FA in bInS Of Q2
fB?K:rr 81 EN!_ D, 20
0.6)- | | 1rlzq|1|:aga?(?éul&NDKLD‘z - 12x107 POT
‘ L e e — Expected errors with GEANT3 and
I A || A R NEUGEN & include detector resolution
° 1 2 : ooy 3 effects
Q*(GeV/c) .
— Wagenbrunn constitutuent quark model
(hep-ph[0212190]

The range of nuclear targets will allow
us to study the nuclear dependence of
the extracted F,

— The statistics give sensitivity for F, at
the few % level at moderate Q2

SSI 2010 25



o( 10 ¥cm?)

o( 10%%cm?)

Cross Section, LE beam

}!'

[T l'l'.}'““'}“'l'!-l-Lw

||J:|||

e 0 O

Y Miherva, C§12

e e e e - o=
O N B ® ® a v »

o

H I I . H L H I L L H L H L 1 I L | L |
4 6 8 10 12 14 16 18 20
E, (GeV)

oV FNAL 83, 92
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i ----- Ferml Gas 012 EBIND 25 MeV

BEBC 1990 D;
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:Br--- *\ Sefpu}tcw 85A+

v SKAT 90, G
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e 0 12'14 16 18'20
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Quasi-Elastic w

Expected statistical
errors in cross section
for the LE v beam

4 x 1020 POT

Include efficiencies
and purities using
NEUGEN and a
GEANT 3 MC and
includes detector
resolution effects

Goal of 7% flux errors
on shape and 10% on
absolute normalization
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MINERVA Test Beam

Steel Absorber [L.ead Absorber e In order to make

Scintillator Plane precise
| measurements we

need a precise a

L - g calibration
'&w \ ‘».u\:m““l].",:ﬁ‘- ey R - & - LOW er?ergy
§ N A calibration
' 40 planes, XUXV,1.07
m square

« Reconfigurable can
change the absorber
configuration. Plane
configurations:

— 20ECAL-20HCAL

— 20Tracker-
20ECAL

—— £« Justfinished 1st run —
PMT box Jun 10-Jul 16

Front End
Electronics SSI12010 o7



Test Beam &

e Test beam
event display

« 20ECAL 20

T SF T a8 H o
2 H § ;_;, 4 :1_1, 4
i % : HCAL
Foaf ¥ £
o o « 1.35GeV
A £ A interacting in
" s0f " 50 " 50
40 40
- 3 « Timeforn
301 30| N
20f 20 20f
10f o 101 1of
E run: 22713, gt 48, slice: | 2
i MO PRI PETTR PRTTE PRTTE PEUTH PRTTH AT ol ok
f -I.; i : : i i f asf f asf
N | tower 2 | 2.4 24
3 o 3 35
| SN N N N N A £ £
b5 10 15 20 25 30 35 40 b b

module
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Collimator TOF 1 Magnets PWC4

« Tertiary beam, built by the MINERVA collaboration in conjunction with
Meson Beam Testbeam Facility

* Incoming 16 GeV n —mx, proton beam from 0.4-1.5 GeV
« Time of flight (TOF) scintillator counters, measures transit time of particles
— TOF 1 upstream of PWC1, TOF 2 downstream of PWC4

* The beamline and MINERvA DAQ merged for full event reconstruction
SS12010 29



Beam Momentum vs TOF

500 MINERVA and T977
i Preliminary . . .
a00F- » Energy distribution, 0.4 — 1.5 Gev
s00f- » TOF to distinguish © & protons
- » Momentum vs TOF
200
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100
00: 0204 06 08 1 12 14 16 18 2 s 8
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Summary

The high statistics MINERVA is on the air !
Using various techniques to understand the v flux

Precision Measurement of various cross section and
support current and future v experiments

— QE, Resonance, DIS,
Measure F, & the nuclear dependence of F,
Detector working very well

Analysis of data is proceeding, Expect preliminary
results in the near future.

SS12010
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MINERVA Optics

Particle \ Position determined by charge sharing

Extrusions built into ®) @)
planar structures.—A/D\/E)\\//)\

- Scintillator (TiO2 Coating)

Mirrored

Connector PMT
-—

WLS Fiber
= PMT Box

fii]

lear cable

Extruded 64-Anode PMT

Scintillator



Accumulated 0.84e20 Protons on
Target of anti-v beam with 55% of
detector and Fe/Pb target

Accumulated >1.21e20 Protons on
target in Low Energy neutrino Running
with full detector

Detector Live times typically above 95%

Less than 20 dead channels out of 32k
channels

protons on target per day (1e18)

[ Avg @ni for Strip (y) vs Module (x) |

MINERvVA Running Status

18

16

14

12

LR ]

(K]

Total POT .
deliverad! 1.2142+20 —
recorded: 1.1538+20 7]

Jrast week POT

erad! 4 865&+18
recordad; 4.77T4e+18

Strip Number

[ Avg Qni for Bar (y) vs Module (x) |

60

Bar Number

40

20

III]III|III]III|]II[IIII

w2
o
=

20 40 60 80
Module Number (Discriminator FIRED)

&

20 40
Module Number (Discri

250 100 150
days since January 1, 2010

60 80
minator FIRED)

12

Al

total protons on target (1e20)




F » contribution

QE, v,, Form Factor contribution, M,=1

[ xF, oGg' oG Do Gy"

« These plots show the 08 ;oo
contributions of the form g | : g
factors to the cross section Foaltopetto e 0 dbs 0 0.

— The ff contribution is L
determined by setting R .
all other ff to 0 T e } } ]
— This is d(dc/dg2)/dff% oogge,am
- change in the cross 0 2 4 e
H 0
section VS the % QE, v,, A(do/dQ?) [%] for 1% Change in FF, M,=1
change in the form e S — :
factors O S S S
— The picture of the X ‘ : ‘
contribution of the ff is W 075l SO DO SO bk ke d R ke H]
the same with both < . _ :
p|OtS Q0-50'“""0'5"0'”0"é“O'"o”'o"'é”é"b"'o”'d"é"é'
. b . ‘ .
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cross section ' .
OOO'T_T]]'@‘D'D";' g..g:..g..g...g..g..é..g...g...g..g..g;;.
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