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Main INjector ExpeRiment v-A
aka MINERVA

MINERVA is a neutrino scattering
experiment at Fermilab

Collaboration of about 65 nuclear
and particle physicists from more
than 20 institutions

NuMI beam is used to measure
cross section for neutrino-nucleus
Interactions

Detector includes several different
nuclear targets which can be used
to measure nuclear effect
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MINERVA Detector
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MINERVA's Flux Prediction

Previous analyses used flux prediction known as
Generation 0 and Generation 1

Flux

Generation 0
Generation 0
Generation 1
Generation 1
Generation 1

Generation 1

Analysis

v, CCQE

anti v, CCQE
CC target ratios
Coherent n

v, muon+proton

anti v, CCn0
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Reference

PRL 111 (2013) 022502
PRL 111 (2013) 022501
PRL 112 (2014) 231801
PRL 113 (2014) 261802
PRD 91 (2015) 071301
PLB 749 (2015) 130-136

Generation 2 includes many improvements:

Geometry

Focusing uncertainties

Additional hadron production data

Better accounting for beam attenuation

New framework allows to use MIPP thick
target data

And allows predictions of the flux for NOvA
and uBooNE
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MINERVA @ NUINT15

There are many improvements in our understanding of
NuMI beam. Do not miss other MINERvVA’s talk to see how
it affects our results:

Talk
v, CCQE results
v, CCQE update

Search for MEC

DIS in nuclear targets
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Speaker
J. Wolcott

M. Betancourt

P. Rodrigues

J. Mousseau

Date
Tue, 14:05
Tue, 14:30

Tue, 15:25
Thu, 10:15

Flux

genl with v-e constraint

genl for muon + proton
gen2 update on previous CCQE

gen2
genl
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NUMI Beam

NIM A806 (2016) 279-306

Pions and kaons are

focused by ,
magnetic horns Muon Monitors
/ B Absorber
Decay Fipe T
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i Monitor courtesy of Zarco Pavlovic
120 GeV protons strike \
graphite target and Pions and kaons decay
meson mess is created (note, they can also interact!) Need to understand each step

since proton hits the target to
neutrino production
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NuUMI Beam Simulation

* Flux simulation starts with a Geant4 simulation of the NuMI beamline (G4NuMI)
* Geant 4.9.2p03 is used with FTFP_BERT hadronic physics list
* The results of the simulation are corrected by external data
* Similar approach to the one T2K used (Phys. Rev. D 87, 012001 (2013))
Simplified schema of model selection for
hadron-nucleus inelastic interaction Ph}f’.‘éiCS Lists
p/n BERT LEP (OJCli I | OGSP_BERT
BERT — Bertini intranuclear cascade Jatevester e 25GeV
p/n OSSP R D
FTFP - The FRITIOF Precompound e T | I

o
, - Projectile Energy .
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https://web.fnal.gov/project/Geant4/SitePages/ComposeG4PL.aspx
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Focusing
1 1 Horn geometry and water layer was
U n C e r-I- O I n -|-I e S (re)studied to evaluate focusing uncertainty
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Hadron inferactions

Target Focusing horns Decay pipe
|
\I\L‘ I
P I

 All interactions leading to neutrino production are stored in ntuple

Y

* Including whole kinematics and material
* This information is used to apply corresponding data for our

reweighting procedure
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proton

pi-

pi+

neutron
antiproton
antineutron
Xi0_bar
Xi0

Xi-_bar

Xi-

Sigma-
Sigma+
Omega-
Omega+
Lambda0_bar
Lambda0
K_S0

K L0

K-

K+

Projectile particle
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What interacts where

Number of interactions per neutrino at the detector

2.2 -

0.010 0.009 N 0.00+1 NN 1.177 0.014 0.030 0.001 o pC—aX e pC — KX ]
I 0-003 0.013 0.002 — nC - X pC — nucleonX S
0.002 0.018 0.080 0.013 0.004 1.8F meson Inc Cucleon-A -
I 0-003 0.048 0.006 | = . .
n 1 .= 1.6 | others — total HP —
- for 0 <.EV <20GeV ~ 1-45_ L~ =
B only bins>0.001 | g 1.2 —
N 18  1E —
o 0.003 | o - -
- 18 o8 —— 14 =
- 15 o6 s
: : 02:_ -------- B '____-""'""""lh“- _:
m | | ! ! m | | Ol_l ......... oot TEE SR e T PR AR AT i B

A Ay, Ao Bonyy Cras, Crg, Cony ot Moty o Aty Svey W, 0 2 4 6 8 10 12 14 16 18 20
Pum " m S Ton T ete Rlong ~Concre,, v energy (GeV)

Target material . .
* As simulated by gdnumi

* Most of it is covered by NA49 and MIPP data
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NA49 dato
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MIPP is hadron
production experiment
located at Fermilab
Pions yields off the
NuMI target are
measured

Ratios of kaon/pion
yields are measured on
thin target and NuMI

replica
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Rewelghting

* Using external hadron production data events are weighted by:

_ fda,ta,(xFapTvE)
fruc(xp,pr, E)’ o dp’
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L
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* The beam attenuation (due to
mismodeling of total inelastic cross
section) is taken into account by applying
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Uncertainties

by M. Kordosky

* ,Many-Universes” method is used
to propagate external data
uncertainties to our flux

0 20 40 60 80 100 120
neutrino energy (GeV)

Wy = Watty - I I WHP,u,i l

[/ \
for each uni f HP . 3
or each universe (.u) prqduct 0 RMS of weighted A
data central value is weights for all . .
: : distributions gives 3
randomly shifted reweightable . -

: : : : uncertainty ]
according to interactions (i) y
uncertainty

0 20 40 60 80 100 120

neutrino energy (GeV)
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1T IS time for results

 Plots presented in this talk include all geometry improvements

* They include thin target hadron production data correction

* They do NOT include thick target hadron production
correction

* The thick target data will be discussed at Joint Experimental-
Theoretical Physics Seminar at Fermilab (aka Wine&Cheese)
by L. Aliaga on Dec 17 (and in his PhD thesis!)
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Fractional Uncertainties
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v-€ scattering constraint

N Events / 2.0 GeV
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agree better with data)
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First analysis which uses this constraint:
v, CCQE, see J. Wolcott talk on Tue

* Electroweak theory predicts precisely
cross section for neutrino-electron
scattering

« Experimental signature is a very
forward single electron in the finale

state
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Low-v constraint

Differential cross section can be

approximated by

do B v
= A(l + —
( A

9

V-

C
A2

dv E A2E?
, v
It is constant for: — — 0

E

It can be used to constraint flux prediction
At high energies normalization is fixed

using high precision cross section
measurements (like NOMAD)

® NUINT15 MINERVA's Flux Prediction

More details on Jan 8
Wine&Cheese by J. Nelson
and J. DeVan PhD thesis
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Summary

MINERVA'’s flux prediction is significantly
improved

Geometry of NuMI beamline is updated
Geant4-based simulations are corrected
using external hadron production data

v-e scattering analysis is done

Work on low-v constraint is done as well
as inclusion of MIPP thick target data

Do not miss Wine&Cheese by L. Aliaga on
Dec 17 and by J. Nelson on Jan 8
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Backup slides




Flux playlists

Beam mode Playlist New Z position (cm)
LE FHC 1 9.50
nominal: 7 9.18

10 cm 9 10.40
13 9.17

LE RHC downstream 9.50
5) 8.85

10 9.18

LE OHC 6 9.18

pME FHC 2 99.57

nom:100cm 11 99.17

pME RHC 3 99.57

12 99.17
pHE FHC 4 249.57
nom:250cm 8 250.09
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Inferaction map legend

pC > nnX: NA49 data scaled using FLUKA (checked by comparing with NA61)
pC -> KX: NA49 data and K/= ratios from MIPP
pC -> NX: NA49 data for nucleon production
nC -> pX: assuming isoscalar symmetry
nucleon-A: for targets other than C
A-scaling is applied for kinemtics covered by data
otherwise 40% assumed
meson-inc: meson as the projectile, educated guess (uncorrelated 40% uncertainty)

others: anything else, really rare, assuming 40% uncertainty
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v-€ scattering constraint

Probability of a universe:

1 (=)’

N, O) = e 2
f(x, 1,0) 2o

* W data events

* o: error on data (fraction uncertainty =
13%)

» x: MC events in i-th multi-universe

® NUINT15 MINERVA's Flux Prediction

ability (arb units)
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Gen 0 vs Gen 2 (muon antineutrino)
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