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Baseline for a Neutrino Factory: MIND | F&¢

0 Golden channel signature: appearance of “wrong-sign” muons in

magnetised iron calorimeter Magnetic Iron NeUtré%Ol%%teCtOF (MIND)
- m
IDS-NF baseline for 25 GeV NuFact: > \15m
o Two far detectors: | b
— 2500-5000 km baseline: 100 kton R 15 m
— 7000-8000 km (magic) baseline: 50 kton
O Appearance of “wrong-sign” muons
O Segmentation: I B=1T i v
— 3cm Fe + 2 cm scintillator iron (3cm)  + scintillators (2cm)
o detector
o 1T magnetic field '
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History of Wrong-Sign Muon Analysis Tee

[l Latest GEANT3 analysis (2009): NIMA 624, (2010) 601 (arXiV:1004.0358)
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MIND: new GEANT4 analysis Tee

1 Improvements MIND analysis
with full GEANT4 simulation

A. Laing, PhD thesis,
University of Glasgow

[J Add quasi-elastics and
resonance production
(NUANCE)

[J Non DIS processes

Results to be shown use 3 cm of iron and one 2
cm thick polystyrene plane.

~ Zeller: hep-ex/0312061

dominant at low T T
energies -
[0 Should improve low s oise 1T AR E
energy efficiency ® _ %% P T3 ;
O Published in IDS-NF %@ _____________ i
Interim design Report ¢ °~ AT — 0
Benchmark of NUANCE with data "0 el ” s(ge;;l)ol-; e
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MIND: neutrino event generation Tee
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Expected neutrino event rates in MIND i d4

sin?26,, | v, CC v, CC v, +V, NC | v, signal

Event rates 100 kton
MIND at 4000 km
(for 102 p decays)
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Likelihood

2N
MIND: likelihood analysis i d4

1 Curvature error (CC rejection) and NC rejection Num s > 150
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MIND: CC and NC background

0 New analysis with Nuance and GEANTA4:

CC background __Emf
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MIND: v, background and signal 5'5((

0 New analysis with Nuance and GEANT4:
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Fractional Efficiency

GA’
MIND: signal efficiency fTJ((

0 Difference in numu and anti-numu efficiencies: effectively
only because of Bjorken y distribution (inelasticity) of
neutrinos and antineutrinos
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MIND: signal efficiency fﬁ(l

0 New analysis with Nuance and GEANT4: better efficiencies
at low energies, due to addition of QES and RES events
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MIND: systematic errors

O Systematic errors: hadronic energy & angular resolution
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MIND: tau contamination

)
e

0 Tau neutrino simulations using GENIE already implemented

— New plots: v. signal right-sign

B0.022 o Bo.024
= - ~
2 0.02]- _|__'_ T gu.ozz = T S
Eo_ma = + —“++ S 0.02F 4+ ++++++
20016 A S0.018F ]
-.5.0.014 - + —++| énm 65 -+
g = 80.014
Sp.012 g = +
[ = [ =
- 0.0125 . .
0.01 4+ nhutau as numu 0.015 antli-nutau as anti-numu
0.008 |- 0.008]
0.006 — 0.006 ‘\‘
0004 0.004 -
0.002— 0.002
= E 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
Du 1 1 1 1 é 1 1 1 1 1|0 1 1 1 1 1 |5 1 1 1 1 zlo 1 1 1 1 25 n“ 5 1 o 1 5 20 25
True v energy (GeV) True v energy (GeV)

— New plots: v_ signal wrong-sign
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Neutrino Factory performance 11744

0 Based on migration matrices derived from this analysis

— Neutrino Factory outperforms all other facilities
— MIND can also be used at lower energies ie. 10 GeV NF for large 0,5

CP fraction
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MIND: realistic geometry

0 Dipole field not realistic due to cost of implementation

0 Toroidal field and octagonally shaped detector (as in MINOS)

more realistic
Fermilab engineers well advanced in finding valid engineering solution

and magnetic field map

Two detectors
M~50-100 KTon

50-100 m long

14mx14mx3cm plates

Bross, Wands (FNAL)

15



MIND: realistic geometry %l

o Plate engineering:

Plates: two welded
layers (0.5mm gaps)
3 mm slots between
Plates (2 m wide)

0.00 300.00 600.00 (in)

150,00 450.00

O Toroidal field:

Homogeneous
field

SMN =-.42896%9
=2.534
-.428969
-.099759

. 229451
.558661
.887872
1.217
1.546
1.876

Small field gaps
and jumps

w
=
S

1.2-2.2 T with |
100 kA turn

B0CCRECON

2.205
2.534
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MIND magnetisation fﬁ((

O Magnetisation can be achieved using o
Superconducting Transmission Line ... R i

(STL) developed for VLHC:

— Can carry 100 kA turn
— Only need 10 cm diameter hole

Bross

The rest appararus used at MW-9 for developing the ransmission line.

‘A Review: 5th May 2011 17




Near Detectors

O Near detector tasks:

— Neutrino flux (<1% precision) and extrapolation to far detector

— Charm production (main background) and taus for Non Standard
Interactions (NSI) searches

— Cross-sections and other measurements (ie PDFs, sin?6,,)

~20 m
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Near Detector Location T'J((

0 For Neutrino Factory, baseline is to have one Near Detector
per decay straight per ring (ie 4 detectors)

Decay straight
E, = 25 GeV 80 MeV R @ -
Straight section length = 600 m 2 E
@ Circumference: 1609 m :@ - %
Muon angular spread 0.5 mrad % 2
2.5x1029 muon decays/per -~ s ® Vi

charge/per year s=600 m a=1000m
T Teew,

| 755 m

— —
-

0 Need to check if one ND can measure beam divergence ~0.1/y

0 Questions:
— What is optimum distance?
— How much shielding do we need?

IDS-NF ECFA Review: 5th May 2011 19
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Near Detector Flux T'é((

0 Quasi-elastic scattering off electrons (at NF):
— Can be used to measure the flux
— Absolute cross-section calculated theoretically with high precision.

— Two processes of interest for neutrinos from u- decays are Inverse
Muon Decay (IMD) and muon production through annihilation:

V/J+e_ — Ve+lL[_

Vv, te —>vﬂ+,u

w

e v“

7 1
2 [« mn2 )2 2 (S_mz) (EeE + Elevz)
— GF (S m,u) — 4x10—4lcm2 o= ZGF 3 ; 3

T 8 T S
For 15 GeV v,: ~102 of 0,4, (VN)

o
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Near Detector design

0 Detector requirements:
— To provide sufficient interaction rate: solid detector;
— To reconstruct polar angle of scattered muon: low Z tracker,

— To measure hadron recoil energy to few MeV: precise calorimeter

0 Baseline detector design:

Tracker station — 4 fibre planes (vertical and horizontal)
Scintillating fibres — 0.5 mm width (round or square)

24000 fibres per station

Absorber is 5 cm thick polysterene (5 slabs)

20 modules (absorber+tracker): ~ 2.5t

1.5m

4

h

(a)

(b)

4 mm

N\

A

Y

50 mm
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Near Detector polar angle

| 6, resolution |
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0 Configuration with 0.5 mm

round fibres (top)

0 Two configurations with 0.5
mm square fibres (bottom)

0 Resolution ~ 0.5 mrad in all

setups
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Near Detector IMD events

IMD event selection: =M
— Muon scattering angle 6,

2 _ . ..
- E 8, =~ (1-Y), y - inelasticity
— Muon p;2

— Energy deposition in first absorber '
(5 cm thick) vs. 6,

— Flux accuracy: 1% in one year
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Flux Near Detector at Neutrino Factory

)
e

0 At a NF, the Near Detector sees a line source (600 m long decay straight)

o0 Far Detector sees a point source .
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0 Extrapolation near-to-far at Neutrino Factory:

_ -1
— Matrix method similar to MINOS: NFD - MFD Posc (813’5CP )MnOSCMNDNND

— Fit FD spectrum to predicted spectrum from ND:

NE 30: . E —
L 25; ¥
Fitimproves i
at3clevel ¢ | rmm
10 N
_ : l - '7 ? I_nu 1 | ]
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Conclusions fT'é((

Two Magnetised Iron Neutrino Detectors (MIND) at standard
Neutrino Factory (25 GeV) is baseline:

— 2500-5000 km with100 kton mass

— 7000-8000 km (magic baseline) with 50 kton

New analysis with Nuance, Geant4, full pattern recognition
and reconstruction achieved, with full migration matrices for
GLoBES outperforms all other facilities in 8,5, and CP coverage.

Efficiencies higher in the plateau and lower threshold than
previous analyses (mainly due to addition of QEL+RES events)

Engineering realistic concept well under way

Conceptual design for Near Detector being established
— Flux measured with IMD with accuracy of 1% in one year NF
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