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T
"pos.dat" using 1:2

"neg.dat" using 1:2
"posanti.dat" using 1:2

"neganti.dat" using 1:2

e If the TASD can fully exploit the rich oscillation pattern at low
energy — 0.5 to 1.5 GeV (and go to E, threshold of 0.5 GeV)

m Alan Bross NFMCC Meeting March 2008




FFAG/synchrotron option Linac option
N
7N \
N

. f
Proton Driver l

",

N e
, Neutrino Beam
e il

Hg Target

Buncher

Bunch Rotation

Cooling

0.9-3.6 GeV .
RLA Linac to

Neutrino Beam

Muon Storage Ring

1.5km

Alan Bross NFMCC Meeting March 2008




e Up to now, the NFMCC has focused on neutrino factories with
energies of 20-50 GeV

e The collaboration has not studied lower energy neutrino
factories because, until recently, the proposed NF detectors have
had muon energy thresholds (for measuring wrong-sign muons with
adequate background rejection) of a few GeV, which imposes a
minimum threshold on the desirable neutrino energy, and hence a
minimum NF energy — ~25 GeV (current IDS baseline).

e During the ISS there was progress on understanding how to
reduce the detector thresholds for measuring wrong-sign muons ...
so we can now consider lower energy neutrino factories.
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Simulation of a Totally Active Scintillating Detector (TASD) using Nova
and Minerva concepts with Geant4

15 m

e Momenta between 100 MeV/c to 15 GeV/c
e Magnetic field considered: 0.5 T
e Reconstructed position resolution ~ 4.5 mm
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e Momentum resolution
excellent

o Simplifies electronics

Initial Momentum (GeV)
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Baseline: 1480km (FNAL-Henderson)

Choose NF Energy ~ 4 GeV (Actually 4.12 GeV). This is
motivated by the realization that for baselines O(1000km), if

0,3 is not very small, the oscillation pattern is extremely rich
below ~4 GeV.

Will divide the simulated data into 3 energy bins, and fit the
wrong-sign muon rates for each bin with positive- & negative-
muons stored in the ring (6 rates to fit). Can also fit 6
right-sign muon rates.

Energy bins: Ev = [0.8,1.5], [1.5,3.5], [3.5,4.12] GeV.
Bins chosen to optimize ability to resolve degenerate solutions.

IPPP/06/85; DCPT/06/170; Roma-TH-1443;

FERMILAB-PUB-07-021-E (Geer, Mena, Pascoli)




*NF performance:

BASIC: (5 years) x (3 x 10%° useful decays/yr) x (2 signs)
x (20Kt fid. Mass) = 3x10%2 Kt-decays x(2 signs)

BETTER: (10 years) x (5 x 1020 useful decays/yr) x (2 signs)

x (20Kt fid. Mass) = 1x10%3 Kt-decays x(2 signs)
eDetector efficiency ¢ =0 for E, < 0.8 GeV:; ¢ =1 for E, > 0.8 GeV
eDo not explicitly implement energy resolutions or cross-section

uncertainties but include a 2% systematic uncertainty in the
covariance matrix.
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lllustration of how it works:

e | =1480 Km

e Simulate 6,,=3°, §=0 then

fit Ve™V,, & \79_)\711 rates

e Fits for 3 neutrino energy bins:
Dark: 0.8 -1.5 GeV

Cyan: 1.5 - 3.5 GeV
Magenta: >3.5 GeV

eEach fit yields one correct & one
additional (“intrinsic degeneracy”)
solution ... but the additional
solutions for the 3 bins do not overlap
— Unique Solution !
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e Simulate 8 cases: 0,5 =(3°&8° & = (0, /2, -n/2, T)
with sin?0,, = 0.40, Am2,,=2.5x103 eV?, and L=1480 Km

Fit ve—> v &_Ve—> v“_rates (90%, 95%, 99% CL Contours)
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Mass hierarchy
can be determined
Region for which

. S 20
hierarchy determined fOl‘. all's, if 613 3
at 95% CL (sin?20,; > 0.01)

fraction of 6
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There are 3 components to this detector
and their respective R&D

e Magnet
e Scintillator Production
e Photo-detector and electronics
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e New Idea

A Technically proven

A Might actually be
affordable

1.000000E 000
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WV VECTOR FIELDS

1 m iron wall thickness.
~2.4 T peak field in the iron.
Good field uniformity
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EXTRUDED ALUMINLIM
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e SCTL not a "concept” - prototyped, tested and costed for the
VLHC Project at Fermilab
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SCTL Parameters

DESIGN
No Iron With 1ron

PARAMETER  UNIT

Isolenoid MA
N:urs/Solenoid

100 kA op demonstrated

Blaverage in XZ T 0.562 0.579
Wital GJ 3.83 3.95

F, maximum kN/m 48.05 39.57

L et e
$1000/m = $50M
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UNITS

Length m
Magn Flux Density T
Magn Field A’
Magn ScalarPot - A
Magn WectorPot Whm'
Elec Flux Density  Cm*
Elec Field Wm!
Conductivity Sm’
Current Density

Powver

Force

Energy

PROBLEM DATA
hagnetic_Cavern_lronl.op3
TOSCA Magnetostatic
MNon-linear materials
Simulation Mo 1 af 1

310916 elements

55576 nodes

10 conductors

MNodally interpolated fields
with coil fields by integration
Fieflection in <Y plane (<+Y
fields=0)

Reflection in¥Z plane (r'+Z2
fields=0)

Reflection in £ plane (v
field=0)

Local Coordinates
Origin: 0.0, 0.0, 0.0
Local $v2Z = Global X¥Z




On-Axis B Field ( T ) as a Function of z (m)

AR K X RIS XX EXX XS
B "0000000000000“” "“000,,‘
"00,

*
0,‘
e
3
*
A PN

20.0 25.0

Distance (m)

Alan Bross NFMCC Meeting March 2008




LecEnD o _ ___ « Pipetron type cable
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Structure:

e Cable vacuum shell is now part of
the solenoid support structure

LN shield is fabricated and
installed independently:

e Two half-shells with LN pipes

e Super-insulation,

e Supports

Cable installed inside the LN
shield:

e Thick LHe pipe with SC and Cu
wires wound outside

e Thick Al or Cu tape (mechanical
support and additional stabilizer)
wrapped over SC/Cu wires

e Super-insulation

e Flexible (+/-2 mm dynamic range)
supports



e The SCTL concept has been prototyped, tested and costed for
the VLHC project

o Application for 15m diameter solenoids is different, however

e R&D

e R&D Program
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e There are really no technical show-stoppers here. It is just
a matter of cost reduction

e Relatively small R&D Program ($250k)

A Has already been done successfully in tests on post-cladding Kuraray
fiber with various polymers.
- These were thin (100-300 um), however
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e Here the R&D is already occurring all over the globe
e Silicon-PM, aka MPPD, aka MRSD

(Ta=25 C)

PHOTON DETECTION EFFICIENCY (%)
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e A Low-Energy Neutrino Factory (coupled with the right
detector) gives excellent capability in exploring the full
neutrino mixing matrix and measure leptonic CP violation

A finely segmented TASD is quite possible the right analysis
tool for a Low-Energy NF
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Detector Cost
Magnet - $150M

A MG.Q"?* - $2-5M Scintillator & Fiber - $150M
A Scintillator - $250k PD & readout - $100M
A Photo-detector - wait and see

A Low-Energy Neutrino Factory (4 GeV) is certainly cheaper
than a 20 GeV facility.

Plus with proper planning a Low-Energy Neutrino Factory might
be upgradeable to higher energy
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