Anticipated simulation work for LAr TPC calibration (including near detector)

Several categories of calibration and monitoring for the LAr TPC detectors are included in this proposal (see LAr TPC calibration section):

(1) calibration of position along the drift direction, 

(2) calibration of energy deposition in contained events, 

(3) calibration of muon momentum,

(4) monitoring of the above properties over long times.

Simulations are needed to properly design and evaluate the proposed calibration techniques. Here we describe the simulation tasks related to the proposed calibrations of the LAr TPCs:

Calibration of position along the drift direction:  Two techniques are presented in this proposal for calibration of position: muon tracks identified by an external muon telescope, and creation of ion tracks by a laser beam as described in [New J.Phys.12:113024,2010]. We will need to perform simulations of cosmic ray muons at depth passing through the muon telescope and LAr TPC to determine the precision and accuracy of the muon telescope approach.  An optical model of the laser technique will also be needed to understand effects of scattering on the TPC, including any photosensitive components.

Calibration of energy deposition in contained events: The energy of contained tracks in the TPC can be estimated from track length and ionization signal strength along the track, and also total light yield observed by photomultipliers (or equivalent devices) in the TPC. Decays of cosmogenic pions and Michel electrons from stopped muons can provide a "free" calibration source at well-known energies. A radioactive source is considered in this proposal for calibration at energies below ~7MeV (of interest for supernova and other non-beam physics).  The spatial uniformity of large detectors can also be calibrated using these sources. Simulations of these techniques are needed to establish their resolution. The radioactive calibration source simulation must also model how optical shadowing of the source affects light collection, and how the physical presence of the source affects ion drift. While it is routine to model and correct for optical shadowing by sources in neutrino detectors, we are not aware of past work on ion shadowing by obstructions in TPCs.  It will be necessary to compare simulation with small scale experiments to determine how well ion shadowing can be modeled and corrected.

Calibration of muon momentum: In the very large far detector, some lower-energy muons will be fully contained, allowing their energy to be determined by calorimetry. Not all muons will be contained even in the far detector, and far fewer will be contained in a smaller LAr TPC at the near detector. A technique based on multiple Coulomb scattering (MCS) can determine muon momentum in the absence of a magnetic field [arXiv:hep-ex/9705007v1].  It may also be possible to use dE/dx data in the LAr detector to reconstruct energy for very high energy muons.  Additionally, it has been proposed that a LAr TPC at the near detector could have a magnetic field of ~0.4 T.

High energy muons: If the muon telescope can be made big enough, enough high-energy muons can be accumulated to calibration energy deposition at larger scale when stochastic processes (described by the parameter b in the muon energy loss formula dE/dX=-a-bE) start to contribute. This requires both hardware development and simulations to investigate how to make high efficiency large muon telescopes at low cost.  According to a study in IceCube, this method may estimate the muon energy with 20%-30% accuracy up to TeV range. Significant simulation work is also needed to study how to reconstruct muon energy with the dE/dX data in LAr detector.

Magnetic field: A magnetic field in the near detector would allow the MCS momentum estimate to be calibrated using the direct measurement of momentum by magnetic field. For a large near detector, significant non-uniformity of the magnetic field would be expected; simulations are needed to understand how much nonuniformity is tolerable and with what spatial resolution the field must be characterized. It has also been suggested that a field of this magnitude may even allow determination of the sign of electrons vs. positrons on a small fraction of "well measurable events". [arXiv:1010.5811v1]  Further simulation is needed to understand these issues.

Long term monitoring: The long term trends of the calibration data will be recorded. The time required to achieve a calibration of a given accuracy using the above techniques will be evaluated by simulation.

Relation to the absolute measurement of detector material properties: The calibrations of the detector response properties are related to the absolute measurements of detector material properties such as optical attenuation, ionization yield, scintillation yield, and recombination rates in LAr, which are key parameters in LAr simulations. Such absolute measurements are already anticipated in the LAr far and near detectors' technical design. Direct calibrations of the detector response are intended to both check detector simulations and to reduce reliance upon simulation in energy and position reconstruction. The relation of the detector response calibration data to the absolute measurement of detector material properties will be evaluated through simulation.

