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The NOVA experiment

The NOVA experiment is designed to study electronic
neutrinos oscillated from muon neutrinos.

NOVA: NuM| Off-Axis ve Appearance

MuMI: Neutrinos at the Main Injector

NOvA
Ash River
p

Detectors:
ND: 300 ton
FD: 14000 ton
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Neutrino production

Target

Y

Focusing Horr/
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120 GeV p*
from MI

NUMI/ NOvA

Distance to far detector
Desired v energy

Detector Off-beam-axis
angle

Beam power (currently)
Beam power (capable of)
Energy per proton
Number of horns

Target length

Distance between target
downstream end and horn

Protons/spill
Repetition rate

2% Fermilab

810 km
2 GeV
14 mrad
320 kW e target: 50 graphite fins;
g « two horns: produce magnetic
5 flelds that focus secondaries;
o * decay pipe: vacuum or He filled.
0.2m
(not in horn)
49 E13
1.33 sec
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Monte Carlo simulations

Two different softwares for the simulation:

 G4ANuUMiI*: a pure Geant4 simulation;

* Flugg: FLUka with Geant4 Geometry (the Monte
Carlo is a combination of Fluka, for physics, and
Geant4, to describe its geometry).

This is the first study with the G4NuM| software.

The whole software framework:
GANuM| —» DkZ2Nu —» FluxReader

A pure Geant4 Ntuple |s a framework
based unification designed to make
simulation of distributions from

the beamline Dk2Nu flux files
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*Geant4 version: geant4-09-06-patch-01a. Physics List: FTFP_BERT.



G4NuMI simulation
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G4NuMI VS Flugg

FD

G4NuMl| results

v CC /6 x 10%° / kton / 50 MeV

10°

FD - FHC - CC
Mean 4.111[|Mean 6.278
RMS 3.901 RMS 4.244
Integral 90.72 Integral 4.012
1 _
‘h .
r
I 1 I 1 I 1 1 1 I 1 1 I 1 I 1 1 1 I /| 1
0 2 4 6 8 10 12 14
Energy (GeV)

Table 1: FHC, FD. ratio = Flugg/g4numi for [1,3] GeV.

FCH

ND

ND - FHC - CC

~

Mean 4.096 [{Mean 5.502
RMS 3.837 || RMS 3.749
Integral 81.05 ||Integral 3.346

10 =

10° v CC /6 x 10%° / kton / 50 MeV

1 1 1 1 1 1 1 1 1 1 1 /] 1 1 1 1]
2 4 6 8 10 12 14
Energy (GeV)

Table 2: FHC, ND. ratio = Flugg/g4numi for [1,3] GeV. [x10°]

11,3] GeV  [1,120] GeV [1,3] GeV  ratio [1,3] GeV  [0-120] GeV [1,3] GeV  ratio
g4dnumi g4dnumi Flugg gdnumi g4dnumi Flugg
vy, 63.5 99.4 62.1 97.8% v, 53.8 90.1 52.6 97.8%
vy, 1.1 5.1 1.0 90.9% v, 1.0 4.5 0.9 90.0%
TOT 64.6 104.5 63.1 97.7% TOT 54.8 94.6 53.5 97.6%
v, /v,  1.1% 1.6% /v, 1.9% 1.7%
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G4NuMI VS Flugg

At the end of the FHC run, there will be a run with anti-neutrinos.

FD G4NuMI results ND
FD - RHC - CC / \

ND - RHC - CC
> Mean 3.693 [|Mean 5.695[7] | i
g RMS 3.535| |[RMS  3.966 % Mean 3.8 1 Mean 5.78
Integral 32.76 | |Integral 9.096 s 1 RMS 3.55( |RMS  4.097
3 1 nieg : . p = Integral 29,57 | |Integral 8.28
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Table 3: RHC, FD. ratio = Flugg/g4numi for [1,3] GeV. Table 4: RHC, ND. ratio = Flugg/g4numi for [1,3] GeV. [x10°]

[1,3] GeV  [0-120] GeV [1,3] GeV  ratio [1,3] GeV  [0-120] GeV [1,3] GeV  ratio
g4dnumi gdnumi Flugg gdnumi gdnumi Flugg
v, 2.6 12.1 2.4 92.3% v, 2.3 10.6 2.1 91.3%
v, 24.4 35.8 22.5 92.2% v, 20.6 32.7 19.1 92.7%
TOT 27.0 47.9 24.9 92.2% TOT 22.9 43.3 21.2 92.6%
v,/ U, 10.7% 10% v, /v, 11.2% 10%
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Study on it trajectories
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Study/on it trajectories

160

Field region of H1, define a

ngles from target segment
/ f’/ i

/

5/ //
Radius 1:2 / /Y /
(mm) ) // / R
) XS c
> * -1D'i2tance alzfg NuMI bt:m (metef;;) * *
Horn 1 ratio H1 Horn 2 ratio H2
< o 137 2.7% 145 6.2%
a—f 2261 44.2% 1814 78.2%
B —7 1957 38.3% 225 9.7%
v —9 752 14.7% 137 5.9%
sub TOT 5107 2321
> 0 1503 694
TOT 6610 3015
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The goal is to find out how
many pions need to be
focused, how many need
only 1 horn...

G4NuMI simulation with the
current target. In the table
there are the number of 1+
that cross the horn inside a
specific angle, as in the
picture.



z birth position for w*

" born in the target from protons

z [m]
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m+ from others

z birth position for w* form other particles
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z is the position along the beam line
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Inserting gaps between the fins

UQpUU -~ [OO000  -=4se2iins

current target

more
secondaries

U ‘alry” target @ €—— can
escape the

target
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10% v CC + NC /6 x 10°° POT / kton / cm”2 / bin

Inserting gaps between the fins

ngﬂg -~ [OO000  -=4se2iins

v, energy spectrum at far detector - CC+NC

0.4 2.4
cm cm
v, energy spectrum at near detector - CC+NC
[Ann Mean 2.727
- RMS  1.837
61— actual target Integral 97.05
- airy target Mean 2772
S RMS  1.962
E Integral  101.2
4
3
2
1=
0_ | ] | ] | | ] | L1 1 | | L1 | [ I |
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Energy [GeV]

4.3 % more

v CC + NC /6 x 10°° POT / kton / cm”2 / bin

12

10

—— actual target

—— airy target

Mean 2.63
RMS 1.787
Integral 106.1
Mean 2.754
RMS 1.977

Integral 113.2

6.7 % more

——» INncrease in the neutrino spectrum.
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Conclusions

« The NOVA experiment official flux simulation was
done by using Flugg, this is the first study and
comparison with G4NuMi, which is very useful.

* Modity the geometry in the simulation can require a lot
of time, anyway this first study on the geometry of the
target leaves space for further investigation.

 There is the possibility to increase the neutrino flux,

but to have a quantitative idea more studies are
required.

Thanks to Kuldeep Kaur Maan, Robert Hatcher,
Raphael Schroeter, Gareth Kafka,
and my supervisors
Giulia Brunetti and John Cooper
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