
Status of the MIND Simulation

R. Bayes1, A. Bross3, A. Cervera-Villanueva2 , M. Ellis4,5, A. Laing1

, F.J.P. Soler1 , and R. Wands3

1University of Glasgow, 2IFIC and Universidad de Valencia, 3Fermilab, 4Brunell University,
5Westpac Institutional Bank, Australia,
on behalf of the IDS-NF collaboration

NUFACT
5, August 2011

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 1 / 20



1 Motivation

2 Detector Design

3 Simulation
Analysis

4 Outlook

5 Conclusion

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 2 / 20



Motivation

Introduction

Proposed far detector for Neutrino Factory.
To be used with a near detector for measurement of θ13 and δCP .
Optimized to carry out “Golden Channel” measurements.

Looking for νe → νµ or ν̄e → ν̄µ oscillations.
Detects muon of sign opposite to that generated by neutrino beam.

Simulation of detector needed to characterize parameter
sensitivity
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Detector Design

Conceptual Design

Octagonal detector cross section.
Alternating iron plates and scintillator
planes.
Scintillator planes to determine 2D hit
position.

Composed of arrays of extruded
scintillator bars (σpos ∼ 1 cm).
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Detector Design

Engineering of Iron Plates

Iron plates to be constructed of overlapping 2 m strips.

Figure 98. Finite-element model of plate with 2 m strips.

Figure 99. Finite-element model of plate that utilises both 3 m and 2 m strips.
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Figure 101. Deformation in x for plate using 2 m strips

Figure 102. Deformation in y for plate using 2 m strips

Field Map

Using the MIND plate geometry shown in figure 96, a 2D magnetic analysis of the plate was performed.

Figure 108 shows the model (1/8th) that was used in the analysis. A 100 cm diameter hole for the

STL was assumed and the MINOS steel [317] BH curve was assumed. For this analysis, an excitation

149
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Field Map

Using the MIND plate geometry shown in figure 96, a 2D magnetic analysis of the plate was performed.

Figure 108 shows the model (1/8th) that was used in the analysis. A 100 cm diameter hole for the

STL was assumed and the MINOS steel [317] BH curve was assumed. For this analysis, an excitation

149

Finite element model shown to be structurally sound
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Detector Design

MIND Magnetic Field

Required for identification of wrong sign muons.

Magnetic field to be induced by
superconducting transmission line

Transmission line 7.8 cm in
diameter.
Contained in a 10 cm hole in
the iron.
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Detector Design

Baseline parameters for MIND

Specifications of detector will depend on length of base-line.

Parameter MIND 1 MIND 2
Distance (km) 3000-5000 7000-8000
Fiducial Mass (kTon) 100 50
Iron Plate Dimensions (cm) 1500×1500×3 1500×1500×3
Length of Detector (m) 125 62.5
Number of Iron Plates 2500 1250
Scintillator Bar Dimensions (cm) 1500×3.5×1 1500×3.5×1
Number scintillator bars per plane 429 429
Total number of scintillator bars 2.14× 106 1.07× 106

Total number of readout channels 4.28× 106 2.14× 106

Magnetic Field (T) > 1 > 1
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Simulation

Simplified Detector Simulation

Neutrino interaction events generated using NUANCE + LEPTO
Detector simulated using GEANT 4

Simulation includes:

Deep inelastic scattering
Quasi elastic scattering
Single pion production
Resonant pion production
Coherent pion production
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Simulation Analysis

Reconstruction

Track fitting completed using Kalman fitting in Recpack 1 package.

Propagates an initial guess through hit clusters
Longest trajectory with smallest χ2 is assumed to be candidate
muon track.

Cellular automaton method used if Kalman fitting fails
1NIM, A534:180-183, 2004
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Simulation Analysis

Analysis and Event Selection

Track quality and charge current selection done by cutting on
selected likelihood distributions

Fraction of Events Passed by Cut
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

E
v
e
n

t 
C

u
t

Kinematic

CC Selection

Quadratic fit

Displacement

Track quality

Fitted proportion

Max. momentum

Fiducial

Successful fit

µν

µ
ν

fitted clusters/candidate clusters
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

R
e

m
a

in
in

g
 p

ro
p

o
rt

io
n

 o
f 

in
te

ra
c

ti
o

n
 t

y
p

e

­310

­210

­110
Signal

NC background
 contamination

τ
ν

 backgroundeν

 backgroundeν

Fitted Proportion

q/pL
­5 ­4 ­3 ­2 ­1 0 1 2 3 4 5

E
n

tr
ie

s
310

410

510

610
 signal

µ
ν

 signal
µ

ν

 backgrounds
µ

ν and 
µ

ν

NC backgrounds
 contaminations

τ
ν and 

τ
ν

 backgrounds
e

ν and 
e

ν

Track Quality

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 10 / 20



Simulation Analysis

Efficiency of Reconstruction

Results presented at NUFACT10
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Simulation Analysis

Reconstruction Background

Need suppression of background at < 10−3 level
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Simulation Analysis

Fitting δCP and θ13

Simulated response used to predict experiment potential
Fluxes and oscillation probabilities calculated using the Neutrino
Tool Suite (NuTS)2

Assume 25 GeV muon Storage ring 2.5×1020 µ+ and µ− decays/y
Use a function to simultaneously fit for δCP and θ13

χ2 =
∑
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2×
Eµ∑
e

(
AjxjNe

+,j(θ13, δCP)− ne
+,j + ne

+,j log
( ne

+,j
Aj xj Ne

+,j (θ13,δCP)

)
+AjNe

−,j(θ13, δCP)− ne
−,j + ne

−,j log
( ne

−,j
Aj Ne

−,j (θ13,δCP)

))
+

(Aj − 1)2

σA
+

(xj − 1)2

σx

}
ne

i,j is “data” for energy bin e
Ni,j is prediction for bin e

Aj and xj are free parameters
σA and σx are associated
errors.

2J. Burguet-Castell, et. al., Nucl. Phys., B608, 301 (2001).
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Simulation Analysis

Sensitivity to δCP and θ13

 (deg)
13

θ

1 2 3 4 5 6 7

 (
d

e
g

)
C

P
δ

-150

-100

-50

0

50

100

150
 contourσ1

 contourσ3

 contourσ5

Input true values

Best fit points

Fits to normal hierarchy Fit hierarchy opposite to sim

          
13

θ22sin
-610 -510 -410 -310 -210

(d
eg

)
C

P
δ

-150

-100

-50

0

50

100

150  sensitivityσ3
 sensitivityσ5

 (NH)13θSensitivity to the measurement of 

          
13

θ22sin
-610 -510 -410 -310 -210

(d
eg

)
C

P
δ

-150

-100

-50

0

50

100

150
 sensitivityσ3

 sensitivityσ5

 (NH)CPδSensitivity to the discovery of 

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 14 / 20



Simulation Analysis

Summary of Sensitivities

Expect a 3σ sensitivity for sin2 2θ13 > 7.6× 10−5 or θ13 > 0.25◦.
Sensitive to large fraction of CP values for sin2 θ13 > 7.6× 10−5.
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Figure 18. Comparison of the physics reach of different future facilities for the discovery of CP violation

(top left panel), the mass hierarchy (top right panel), and sin2 2θ13 bottom panel. The sensitivities of

the SPL super-beam are taken from [141]. The beta-beam curves are also taken from [141], however

with the ion intensities reduced to the EURISOL values [144]. Curves for LBNE are taken from

[142] and correspond to the results in [98]. The θ13 sensitivities expected from current experiments

are shown as vertical lines [97]. MIND LE is a single-baseline Neutrino Factory optimised for large

sin2 2θ13 > 0.01, see also section 1.4.1.

accessed by LBNE in a small fraction of the parameter space. The CP violation plot demonstrates that

these experiments have limited potential for sin2 2θ13 ! 0.01, since the small data samples that can

be expected will cut off the sensitivity at some value of sin2 2θ13. Figure 18 shows that the Neutrino

Factory can do significantly better. It is also interesting from figure 18 that the alternatives are either

optimised for the CP violation (SPL/BB100) or the mass hierarchy discovery (LBNE). No option

other than the Neutrino Factory can do all these measurements equally well.

In summary, even if θ13 > 0 is discovered by the generation of experiments currently under con-

struction, it is likely that the discovery of CP violation and precision measurement of the CP phase

require data from advanced experiments, like the Neutrino Factory. If θ13 is not discovered by the

generation of experiments presently under construction, there will be no further information on CP

38
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Outlook

Toward a Realistic Simulation

Replaced NUANCE neutrino generator
with GENIE.
Adopted octagonal geometry in
simulation.
Introduced a realistic, toroidal field map.

In Progress
Reconstruction and Analysis need to be
re-optimized for new geometry.
Hadronic reconstruction.
Complementary muon momentum
measurements from range.
Investigation of cosmic and tau
backgrounds.
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Outlook

Adoption of GENIE ν Event Generator

Used the simplified detector
geometry.
Overall increase in efficiency.
µ− background is larger.
Source of increases is still
unknown.
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Outlook

Change in Inelasticity spectra using GENIE

Inelasticity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

F
ra

c
ti

o
n

a
l 

E
ff

ic
ie

n
c

y

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 CC
µ

ν

 CC
µ

ν

Inelasticity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
o

rm
a

li
z
e

d
 Y

ie
ld

0

0.005

0.01

0.015

0.02

0.025

0.03

Rise in efficiency for y < 0.5;
Efficiency in νµ and ν̄µ events
almost identical.
Source of qualitative
difference with
NUANCE/LEPTO unknown.

Qualitative difference in νµ
event Inelasticity between
GENIE and NUANCE.
Probably due to differences in
PDFs used.

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 18 / 20



Outlook

Alternate Far Detector: Totally Active Scintillating
Detector

Sim developed by Malcolm Ellis.
Composed entirely of scintillator bars.
Dimensions similar to MIND.

Pros:
Lower energy threshold.
Can measure νµ → νe and ν̄µ → ν̄e
oscillations.

Cons:
Magnetic field must be generated
external to the detector.
Further R&D required.

R. Bayes (University of Glasgow) MIND Status NUFACT 2011 19 / 20



Conclusion

Conclusion

A good simulation is vital both for prototyping a ν-factory far
detector and understanding its output.
An intermediate MIND simulation has been produced.

Uses a simplified detector and magnetic field geometry
Shows high efficiencies and very good background suppression.

A new MIND simulation is in progress with more realistic
geometry.

Analysis and reconstruction is being re-optimized in new geometry

Complete simulation will be done within a year.
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