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General considerations

Some relevant future neutrino detectors
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General considerations

Short baseline ν: ICARUS/NESSIE: SPSC-2012-010...
νSTORM/100 T: SPSC-EOI-009...
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General considerations

Hyper-Kamiokande νµ events at a near detector

Muon energy (GeV)
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General considerations

LBNO near detector νµ event rates
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General considerations

Motivation for AIDA MIND and TASD prototypes

I Magnetised Iron Neutrino Detector (MIND):
I Muon charge identification, for wrong sign muon signature of a

neutrino oscillation event: golden channel at a NF: requires correct sign
background refection of 1 in 104: test beam 0.8 to 5 GeV/c;

I Hadronic shower reconstruction for identification of charged current
neutrino interactions and rejection of neutral current n.i.: test beam
protons/pions 0.5 to 9 GeV/c.

I Totally Active Scintillating Detector (TASD):
I Stopping properties of pions and muons up to 200 MeV/c (MICE

EMR);
I Electron and muon charge separation inside a magnetic field, in

particular electron charge ID in electron neutrino interaction for the
platinum channel at a neutrino factory: 0.5 to 5 GeV/c.
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Totally Active Scintillator Detector TASD Design

TASD at MICE: The Electron-Muon Ranger (EMR)

I 1 m3 active volume;

I 24 modules: 1 module =
one X + one Y plane.

I 59 triangular scintillator bars per plane
→ 2832 bars;

I light is collected by WLS fiber and
transported to PMTs by clear fiber
light guide;

I Different readout scheme at either end
of every bar:

I At one end, total energy per plane is
detected by sending light from all
bars to one single channel PMT
(PHILIPS);

I At other end, energy in every bar is
detected by sending light from each
into a fiber bundle connected to
64-ch PMT (HAMAMATSU).
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Totally Active Scintillator Detector TASD Design

TASD EMR electronics

I The EMR has dual
readout;

I On one side of a given
plane, a 1-ch PMT reads
the total energy deposited
in the plane. Eight 1-ch
PMTs are readout by one
fADC (CAEN V1731), a
total of 6 fADC;

I One the other side of a
given plane, a 64-ch PMT
reads the energy
deposited in each bar.
These PMTs are readout
with custom electronics.
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Totally Active Scintillator Detector TASD Design

TASD EMR Front End Board
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Totally Active Scintillator Detector Hardware

Scintillator bars, WLS fiber and connectors

I ∼3000 bars seen here;
I Major issue with quality of optical chain;

I Connectors;
I WLS light guide from St. Gobain;
I Fiber polishing

I Old config. B1:attenuation in fiber = 48%.
Cracks in fiber.

I New config. B2+C2(insertion loss) = 38%.
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Totally Active Scintillator Detector Hardware

Fiber polishing

I 6000 connectors polished incl.
spares.

I Polishing jig consists of 4
motors equipped with different
polishing papers from coarse to
fine grade.
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Totally Active Scintillator Detector Hardware

WLS-to-clear fiber light guide coupling

I Light attenuation in clear fiber and
connector measured to be 38% mainly
due to insertion losses.
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Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Insertion of bars into module mechanics

Etam NOAH - Geneva University MIND and TASD March 26, 2014 14 / 59



Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Cabling of clear fibers

Etam NOAH - Geneva University MIND and TASD March 26, 2014 15 / 59



Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Clear fiber tray
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Totally Active Scintillator Detector Assembly at UniGe: summer 2013

FEB installation
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Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Closing the box
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Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Final cabling
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Totally Active Scintillator Detector Assembly at UniGe: summer 2013

Transport from Geneva September 2013
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Totally Active Scintillator Detector Detector performance

Calibration with cosmics: Jan. 2014
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Totally Active Scintillator Detector Detector performance

Crosstalk sources I/III
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Totally Active Scintillator Detector Detector performance

Crosstalk sources II/III
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Totally Active Scintillator Detector Detector performance

Crosstalk sources III/III
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Totally Active Scintillator Detector Detector performance

Crosstalk analysis I/III
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Totally Active Scintillator Detector Detector performance

Crosstalk analysis II/III
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Totally Active Scintillator Detector Detector performance

Crosstalk analysis III/III
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Totally Active Scintillator Detector Detector simulations

Simulation and data flow
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Totally Active Scintillator Detector Detector simulations

Digitisation
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Totally Active Scintillator Detector Detector simulations

Digitisation procedure
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Totally Active Scintillator Detector Detector simulations

Digitisation: MC Raw → MC Digitised
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Totally Active Scintillator Detector Detector simulations

Digitisation: MC Digitised → Cosmics
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Totally Active Scintillator Detector Detector simulations

Track reconstruction: Based on Timing
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Totally Active Scintillator Detector Detector simulations

Track reconstruction: Based on Timing
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Totally Active Scintillator Detector EMR Online: MICE beamline

Installed on MICE beamline end September 2013
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Totally Active Scintillator Detector EMR Online: MICE beamline

Online operation at RAL: October 2013

beam momentum at Q9, MeV/c

100 150 200 250 300 350 400 450

nu
m

be
r 

of
 s

pi
lls

1000

2000

3000

4000

5000

6000

7000

beam momentum at Q9, MeV/c

100 150 200 250 300 350 400 450

nu
m

be
r 

of
 tr

ig
ge

rs

2000

4000

6000

8000

10000

12000

beam momentum at Q9, MeV/c

100 150 200 250 300 350 400 450

tr
ig

ge
r 

ra
te

, 1
/s

pi
ll

0

1

2

3

4

5

6

7

8

9

I Red: e+ beam;

I Blue: π+ beam;

I Green: e− beam;

I Black: π− beam.
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Totally Active Scintillator Detector EMR Online: MICE beamline

EMR reconstructed range: preliminary 1/20th stats
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Totally Active Scintillator Detector More on TASD simulations

TASD simulations in a B-field: e/µ/p
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Totally Active Scintillator Detector More on TASD simulations

TASD simulations in a B-field: sign of electron: 5 GeV
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Magnetised Iron Neutrino Detector MIND Hardware

MIND magnetisation options
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Magnetised Iron Neutrino Detector MIND Hardware

MIND magnetisation: measuring B-field in-situ

I Slit in steel, few mm...

I fill with non-magnetic material (e.g.
SS316L);

I Insert probe to measure field at
various points along slit;

I Small distortion of field lines;

I Measurements validate simulated field
across whole detector;

I 23000 At with slot c.f. 4000 At
without slot.
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Magnetised Iron Neutrino Detector MIND Hardware

MIND plastic scintillator bars from INR
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Magnetised Iron Neutrino Detector MIND Hardware

Scintillator bar connector design
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Magnetised Iron Neutrino Detector MIND Hardware

Plastic scintillators tests with cosmics

I Tests carried out to determine basic
light yield and timing properties;

I Light collection: Kuraray wavelength
shifting fiber, 1.0 mm diameter, ∼1 m
long, embedded in groove with
Toshiba TSF451-50M silicon grease;

I Light readout: SiPM photosensors on
both sides;

I Cosmic telescope:
I two trigger counters;
I upper one: 7 × 7 cm2 (L.Y.) and 2
× 2 cm2 (timing);

I lower one: 10 × 24 cm2.
I measurement at counter center:

light yield per MIP.
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Magnetised Iron Neutrino Detector MIND Hardware

Light yield: slabs with chemical reflector

Slab width MPPC 1 L.Y. MPPC 2 L.Y. ΣL.Y . [1+2]
[mm] [p.e.] [p.e.] [p.e.]

Chemical reflector

10 46.0 36.8 82.8
20 39.7 35.7 75.4
20 32.6 28.2 60.8
30 31.2 26.6 57.8

Chemical reflector, w/o optical grease
20 - grease 25.7 22.1 47.8

Chemical reflector + Tyvek paper reflector
20 + Tyvek 49.3 44 93.3

I ∼ × 2.5 effect of chemical reflector;
I ∼ 60 % effect of optical grease;
I ∼ 20 % effect of additional Tyvek reflector.
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Magnetised Iron Neutrino Detector MIND Hardware

Timing characteristics

I Timing estimation with small 2 × 2
cm2 upper trigger counter;

I ∼ 0.5 p.e. TDC threshold to suppress
time-walk effects;

I Two-sided readout
→(t1 − t2)/2 to estimate timing;

I Timing is mostly determined by fiber
decay constant:

I τfiber ∼ 12 ns;
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Magnetised Iron Neutrino Detector MIND Hardware

Light yield for the different WLS fibers

I 3 fibers tested with open end, with cosmic triggers at 20, 50, 90 cm;
I Then one measurement on St. Gobain with Al Mylar mirror on open

end.
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Magnetised Iron Neutrino Detector MIND Hardware

Parameter Unit MPPC-T2K ASD-40 KETEK SensL
Manufacturer reported specifications

Pixel size µm 50 40 50 20
No. of pixels 667 600 400 848
Sensitive area mm2 1.3 × 1.3 dia 1.2 1.0 × 1.0 1.0 ×1.0

Gain 7.5× 105 1.6× 106 - -
Dark rate MHz ≤ 1 ∼ 3 ≤ 2 ≤ 2

Bias voltage V ∼ 70 30-50 33-50 30

Performance

Overvoltage V ∼1.4 3.6 4.5 2.7
Dark rate kHz 900 3630 1250 1960
Crosstalk % 10 13.4 35 9.7

Pulse shape - good good long tails good
Peak separation - good good bad bad

PDE % 25.6 11 26.4 14.2
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Magnetised Iron Neutrino Detector MIND Hardware

Photosensor charge spectra
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Magnetised Iron Neutrino Detector MIND Hardware

Detector module design
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Magnetised Iron Neutrino Detector Electronics

Readout scheme

Etam NOAH - Geneva University MIND and TASD March 26, 2014 51 / 59



Magnetised Iron Neutrino Detector Electronics

Easiroc schematic and planned charge+hit measurements
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Magnetised Iron Neutrino Detector Electronics

Easiroc tests with latest generation MPPC

Charge spectra for the MPPC S12571-050C, a 50-micron cell size, 1 × 1
mm2 device. Analogue data from the high gain signal path from the
EASIROC chip, digitised with a 12-bit ADC, demonstrates the excellent
photo-electron peak-to-peak separation. The EASIROC pre-amp feedback
capacitance is set to 100fF, the shaper τ is set to 50ns. Left) high over
voltage leading to ∼ 65 ADC/p.e. Right) low over voltage leading to ∼ 30
ADC/p.e. ∆V between left and right acquisitions is 1.75 V.
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Magnetised Iron Neutrino Detector MIND simulations
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Magnetised Iron Neutrino Detector MIND simulations

Figure : Reconstruction efficiencies for µ+, from left: a) 3 cm steel, 1.5 cm
scintillator. b) 2 cm/1.5 cm. c) 3 cm/3.5 cm. d) 2 cm/3.5 cm.

Figure : Corresponding charge identification efficiencies for µ+.
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Magnetised Iron Neutrino Detector MIND simulations

Figure : Reconstruction efficiencies for π+, from left: a) 3 cm steel, 1.5 cm
scintillator. b) 2 cm/1.5 cm. c) 3 cm/3.5 cm. d) 2 cm/3.5 cm.

Figure : Corresponding charge identification efficiencies for π+.
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Magnetised Iron Neutrino Detector MIND simulations

TMVA for the AIDA MIND50

I Muon ID by range done by MIND/SuperBIND absent in MIND50:
I Muons rarely range out;
I Need to rely on other PID metrics;

I Existing PID methods could be adapted for PID in AIDA MIND;
I TMVA-based PID for MICE EMR;
I Clear differentiation between e, π, µ;
I Training MIND50 on µ, π, p, e.
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Summary

Summary

I TASD successfully tested online:
I Assembled at the University of Geneva;
I Installed on MICE beamline at RAL September 2013;
I Detector performance under evaluation;
I Data analysis ongoing.

I MIND construction underway:
I Several component choices made (plastic scintillator, WLS fiber,

optical glue);
I Photosensor characterization ongoing for final choice in May;
I Good progress on manufacturing of scintillator bars by INR;
I Electronics by UniGe;
I Steel and magnetisation in collaboration with CERN.

I Outlook for TASD and MIND:
I Several projects plan such detectors;
I MIND prototype foreseen for WA105 at CENF.
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Summary
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