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Motivations (see J. Link’s talk)

•  LSND/MiniBooNE anomalies

• Reactor anomaly 

• Gallium anomaly

• Cosmology 



→ Now need for DEFINITIVE measurement!



MicroBooNE’s first look (neutrino mode)

• MicroBooNE will acquire 6.6 x 1020 POT (2014-2017)See E.Church’s talk

G. Karagiorgi



Beyond MicroBooNE ⇒ LOI for LAr1



LAr1

• A large LAr TPC (LAr1) could be combined to MicroBooNE to have a near/far 
configuration 

•  LAr1 at 700m and MicroBooNE moved to 200m

6LAr1



The neutrino beamline at FNAL
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Phases 0-1 Phase 2 scenarios

LAr 1 



LAr1 detector

• Conceptual design is the same as the engineering prototype for LBNE

• Membrane Cryostat
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Figure 3.1: Cross Sectional view of the layers that comprise the Membrane Cryostat. Cour-

tesy of Gaz Transport & Technigaz.

determined. For example, a downstream magnetized range-stack could be added to

determine the sign and momentum of outgoing muons. Detector infrastructure, such

as the cryogenic, purification, and calibration systems require further development.

In short, there are many ways in which new groups would be involved in the detector

modeling, hardware design and fabrication, event reconstruction, and physics anal-

ysis. In the following section we outline a conceptual design of this 1kton fiducial

volume Liquid Argon detector.

3.1 Membrane Cryostat

The conceptual design for the LAr1 Detector cryostat is a rectangular vessel con-

structed with an industrial membrane cryostat technology extensively used for ship-

ping Liquid Natural Gas (LNG) and for storage of LNG above ground and in caverns.

Depending on the vendor, a membrane tank uses a 1.2mm - 2mm thick, stainless-

steel primary liner to contain the liquid cryogen. The membrane cryostat relies on

external support from a surrounding cavern or a reinforced concrete structure to

support the hydrostatic load of the contents. The commercially engineered mem-

brane system consists of the following sequence of layers, from innermost to out-

ermost: the stainless-steel primary membrane, !30cm of polyurethane insulation,

a thin fibgerglass-aluminum secondary membrane that contains the LAr in case of

any leaks in the primary membrane; !50cm more insulation; a barrier to prevent

water-vapor ingress and the concrete support structure (See Figure 3.1).

See B.Baller’s talk



LAr1 detector

LAr1 will have a development program 
serving as the engineering prototype for 
next generation of LArTPCs
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Figure 3.2: The arrangement of APAs, CPAs, and field cage panels to form the active

volume of the TPC inside the cryostat. This concept illustrates one row of APAs and two

rows of CPAs, where here, LAr1 will have two rows of APAs, and three rows of CPAs,

however the concept remains the same.

wire is connected to a front-end readout channel. The outermost plane of wires

is not connected to the readout electronics; these wires are oriented vertically. At

a nominal wire pitch (center-to-center separation) of 4.5mm, the total number of

readout channels is 25,600 in the entire detector.

The electronic readout chain is implemented as a CMOS ASIC designed for op-

eration in LAr. The front-end ASIC chip utilizes a mixed-signal design. It has 16

channels of preamp, shaper and ADC followed by a large, shared bu!er and the digital

IO interface. Eight such chips are mounted on a single readout board, instrumenting

128 wires. A digital ASIC with an 8:1 multiplexer on this board further increases

the multiplexing factor to 128:1, resulting in a single output channel for each of the

20 readout boards mounted on a single APA. Data from each of these output chan-

nels will be transmitted by a LVDS (low-voltage di!erential signaling) output cable

through a feedthrough at the top of the cryostat.

We plan for only one cable bundle per APA, consisting of wires for low-voltage

power, wire bias voltages, data out, clock in, digital control IO, and an analog mon-

itoring output, to connect to the outside of the cryostat. Three such cable bundles

will be connected through 5 feedthroughs distributed on the roof of the cryostat.
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Figure 3.4: Corner view of an APA. Wires strung at 0o, +45o and !45o are attached to

circuit boards at the sides and ends of the APA. One of the 10 photon detection system

paddles that reside in each APA is shown. One readout board is shown in dark green. A

metal cover encloses the readout boards.

Figure 3.5: Conceptual design of a APA frame with 10 light collection paddles.

•  TPC constructed of an array modular units:

•  Anode Plane Assemblies (2.5m x 7m x 0.10m)

•  Cathode Plane Assemblies (2.5m x 7m)



Sensitivity of LAr1 combined to MicroBooNE 

~ 5 years
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Figure 2.7: Sensitivity curves for a combined configuration with the MicroBooNE detector

(as the near detector) at 200m and the LAr1 one (as the far detector) at 700m to a 3+1

neutrino model in the !m2/sin22! parameter space in anti-neutrino mode. Beam exposure

is 10 !1020 POT.

Anti-Neutrino Mode

LOI: http://www.fnal.gov/directorate/program_planning/June2012Public/Bonnie_LAr1_PAC_2012_Fleming.pdf



Sensitivity of LAr1 combined to MicroBooNE 



In the case of a signal…

G. Karagiorgi



Sensitivity of LAr1 combined to MicroBooNE 
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Figure 2.9: Sensitivity curves for a combined configuration with the MicroBooNE detector

(as the near detector) and the LAr1 one (as the far detector) to a 2-neutrino model in the

!m2/sin22" parameter space in neutrino mode with a delivery of 6.6!1020 POT.

Neutrino Mode

~ 3 years

LOI: http://www.fnal.gov/directorate/program_planning/June2012Public/Bonnie_LAr1_PAC_2012_Fleming.pdf



Towards a proposal

•  Include the NuMI beam events

• Add νμ disappearance studies

• Add MicroBooNE handscan results for E resolution



Conclusions

• MicroBooNE will give a first look at the short-baseline oscillation anomalies, 
but statistic limited

• Having a large LAr detector combined to MicroBooNE would be a powerful 
configuration

• Definitive (5σ!) measurements can be made with this configuration in both 
neutrino and anti-neutrino mode

•  LOI was submitted last Summer

• Efforts are dedicated to turn it into a strong proposal
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Sensitivity studies assumptions

• Neutrino events where generated with GENIE from BNB fluxes for different 
baselines

• Two-neutrino oscillations (P = sin22θμesin2(1.27Δm2L/E))

•  80% reconstruction efficiency flat in E

• Assume fiducial volume of 61.4t for micrBooNE II and 1kt for LAr1
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MicroBooNE sensitivity (stat. vs sys.)



LAr 1 sensitivity (stat. vs sys.)


