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1.

Progress Report
1.A.
MINOS, Accomplishments 2009-2013

The idea for the MINOS experiment started at Argonne in 1987 when calculations for the neutrino oscillation sensitivity of a beam from Fermilab to the Soudan mine were made.  A realistic plan was presented at the ANL DOE review in 1991, after which the DOE’s director of High Energy Physics sent his review letter to ANL and called it an “unlikely long shot.”  But it was the right idea at the right time, and was approved in 1995.  Over that time, Argonne scientists and engineers from the HEP division have participated in every aspect of MINOS beam design, detector design and physics analysis.  Those activities have been winding down over the last three years, and 2012 saw the formal end of the MINOS collaboration as it had been originally proposed.   ANL decided not to join MINOS+.  But we continue to participate actively in remaining MINOS analyses, including those related to detector performance, and a variety of physics topics. 

Calibration



In the last three years, postdoctoral researchers Xiaobo Huang, Sarah Phan-Budd and Ioana Anghel have all contributed to the calibration group’s monitoring of the energy response of the MINOS detector.  The time dependence of the energy scale is due to a number of factors, including drift of the phototube gains, degradation of the scintillator, temperature effects, and fiber performance.  A key calibration technique is the use of dE/dX from stopping muons to develop calibration constants and to make the calibrated response of the detector time independent.  This is important for both the electromagnetic and hadronic energy scales, and contributes to most analyses, but particularly the oscillation parameters for neutrino and antineutrino data sets, which come from a fit to the E distribution.

Antineutrino


CPT invariance suggests that the antineutrino masses, and hence the mass differences, are the same as those for neutrinos.  Preliminary data from MINOS from our first antineutrino runs, using 1.71 × 1020 protons on target (POT), suggested some tension with that hypothesis.  With active involvement from the entire MINOS collaboration, including members of the ANL Neutrino Group, the collaboration doubled the amount of running in the NuMI beam focusing positive pions which decay to antineutrinos.  With its final data set, the antineutrino running, the analysis of antineutrinos in the neutrino running, and the atmospheric antineutrinos all give oscillation parameters consistent with CPT invariance.  MINOS has now done a global fit of all of its neutrino and antineutrino data assuming CPT invariance to give the world’s best measurement of m232, as described below.

Electron neutrino appearance

Mayly Sanchez, who holds a joint appointment with Iowa State, led the analysis team, and wrote the first MINOS paper on electron neutrino appearance.  This had significant input from postdocs Xiaobo Huang and Sarah Phan-Budd.  Global fits had found a tension between the solar neutrino and KamLAND results which could be fit with a non-zero 13.  The MINOS analysis had a best fit for a non-zero value of 13 consistent with that fit, and with future reactor measurements, as published in Phys. Rev. (Rapid Communications) D82:051102(2010).  This has now been combined with some additional running and the antineutrino data to give the best-fit values as a function of hierarchy and delta as shown in Figure 1.  While it is not yet statistically compelling, it is worth mentioning that the data agrees better with the T2K measurement for the inverted hierarchy.


[image: image1]
Figure 1: Best fit values for 13 as a function of delta combining e appearance analysis for neutrino and antineutrinos.

Neutrino velocity

The CERN announcement that the OPERA experiment had measured a neutrino velocity larger than the speed of light in a long-baseline neutrino experiment compelled us to treat this issue seriously and use the MINOS data to learn whatever we could about this possible phenomenon.   Unlike OPERA, which compared the event times in a beam transformer to the times in the far detector, MINOS could compare between two detectors.  The near detector electronics, which had been built at Argonne, were therefore a key component in understanding the details of such timing signals.  Electronics Group leader Gary Drake participated in readout tests and plans for possible upgrades of the timing for events in the near detector.  Postdoctoral researcher Ioana Anghel repeated the analysis from our 2006 paper on this subject and then applied the analysis to the new data.  There was also extensive planning for possible new measurements with increased precision, based on timing from additional fast counters.  While it was not surprising that this turned out to be a null result, the responsible thing was to finish and publish these analyses, and this is half done.

Atmospheric Neutrinos and Cosmic Rays

Phil Schreiner (Benedictine University), working with the ANL Neutrino Group, has been a convener of the working group on atmospheric neutrinos and cosmic rays.  In the last two years, Andy Blake from Cambridge, working with members of the ANL group, has finished the oscillation analysis of atmospheric neutrinos in MINOS.  This turns out to be a complementary method to the beam neutrinos for sensitivity to oscillation parameters.  The working group has just finished a joint analysis of beam and atmospheric neutrinos that, assuming CPT conservation, gives the world’s best measurement of m232, as shown in Figure 2.   The best-fit parameters are m232 = 2.41 + 0.09 - 0.10 10-3 eV2 and sin22 = 0.950 + 0.035 - 0.036.  This is based on 10.71 x 1020 POT in neutrino mode, 3.36 x 1020 POT in antineutrino, and 37.88 kiloton-years of atmospheric neutrino data.


[image: image2]
Figure 2: Combined fit of MINOS atmospheric and beam neutrino and antineutrino data for 23 and m232 from the final MINOS data set.


In addition to neutrinos, Phil’s working group has been studying other cosmic rays in the MINOS detector.  The Argonne Group, based on the thesis of Erik Beall, an Argonne Department of Educational Programs (DEP) lab-grad student, had led the analysis of the atmospheric muon charge ratio, which first found a rise in the charge ratio, which has been termed “the discovery of associated production at TeV energies”.  That ratio is flat between energies of 100 MeV to 100 GeV in years of previous measurements.  The rise was interpreted, in an equation derived by Phil Schreiner at ANL, as a measurement of the forward K+/K- ratio in cosmic rays.  His formula, which was published by the ANL group, is:


[image: image3]
Figure 3:  The Schreiner Equation for the Atmospheric Muon charge ratio.  f (fK) is the fraction of  (K) which are positive; is the zenith angle, and 115 GeV (850 GeV) is the critical energy above which the meson is more likely to interact than decay for the height in the atmosphere that muons are made.


The ANL group is repeating the previous charge ratio analysis to reduce the systematic errors and to take into account some factors not included in the original paper, to better measure the forward K+/K- ratio.  In the last year, an asymmetry was found by us in the reconstruction code which introduces an additional systematic error, and the group will fix that problem before the entire MINOS cosmic ray sample is reprocessed.


While some minimal analyses of MINOS data such as those just mentioned will undoubtedly continue, the ANL Neutrino Group’s long participation in MINOS is coming to an end, and it will not participate in MINOS+.  We had the lead role in originating the MINOS experiment, and we have seen it through to the end of its real mission, measuring neutrino oscillation parameters suggested by the atmospheric neutrino deficit.

Collaboration Responsibilities

Over the years, an ANL physicist has held virtually every responsible post on MINOS, from Conveners to Deputy Spokesperson to Project Manager.  Since the last DOE review, Maury Goodman was the chairperson of the Institutional Board, Sarah Phan-Budd was a Convener of the Calibration Group, Mayly Sanchez was a Convener of the Electron Neutrino Group, and Phil Schreiner was Convener of the Non-oscillation Physics Group.  We continue to service and maintain the near detector electronics in our Electronics Group, and provide administrative support by maintaining the collaboration email, phone and author lists.  There has always been an ANL physicist on the Executive Committee.  

MINOS publications since 2009
[1] P. Adamson et al., "Electron neutrino and antineutrino appearance in the full MINOS data sample," Fermilab-Pub-13-023-E, accepted for publication in Phys.Rev.Lett. (March 18, 2013); also in arXiv:1301.4581 

[2] P. Adamson et al., "Comparisons of annual modulations in MINOS with the event rate modulation in CoGeNT," Fermilab-Pub-12-620-E, Phys.Rev.D87.032005(2013), (Vol.87, No.3, 15 February 2013);

[3] P. Adamson et al., "Measurements of atmospheric neutrinos and antineutrinos in the MINOS far detector," Fermilab-Pub-12-468-E, Phys.Rev.D86.052007 (Vol.86, No.5, 17 September 2012);

[4] P. Adamson et al., "Improved measurement of muon antineutrino disappearance in MINOS,"  Phys.Rev.Lett.108.191801(2012) (Vol.108, No.19, 11 May 2012);

[5] P. Adamson et al., "Search for Lorentz invariance and CPT violation with muon antineutrinos in the MINOS near detector," Fermilab-Pub-11-676-E, Phys.Rev.(Rapid Communications) D85:031101(2012) (Vol.85, Issue 3, 9 Feb. 2012);

[6] P. Adamson et al., "Search for the disappearance of muon antineutrinos in the NuMI neutrino beam," Fermilab-Pub-11-357-PPD, Phys.Rev. (Rapid Communications) D84:071103(2011) (Vol. 84, No. 7, 1 October 2011);

[7] P. Adamson et al., "Improved search for muon-neutrino to electron-neutrino oscillations in MINOS,"  Phys.Rev.Lett.107.181802(2011) (Vol.107, No.18, 28 October 2011);

[8] P. Adamson et al., "Active to sterile neutrino mixing limits from neutral-current interactions in MINOS," Phys.Rev.Lett.107.011802(2011) (Vol. 107, No.1, 1 July 2011); 

[9] P. Adamson et al., "First direct observation of muon antineutrino disappearance," Fermilab-Pub-11-163-PPD, Phys.Rev.Lett.107.021801(2011) (Vol.107, No.2, 5 July 2011); 

[10] P. Adamson et al., "Measurement of the neutrino mass splitting and flavor mixing by MINOS," Fermilab-Pub-11-040-PPD, Phys.Rev.Lett.106.181801(2011)(Volume 106, No.18, 6 May 2011); 

[11] P. Adamson et al., "Measurement of the underground atmospheric muon charge ratio using the MINOS near detector," Fermilab-Pub-10-526-E, Phys.Rev.D83:032011(2011) (Vol.83, No. 3, 28 February 2011);

[12] P. Adamson et al., "Observation in the MINOS far detector of the shadowing of cosmic rays by the sun and moon," Fermilab-Pub-10-297-E, Astroparticle Physics 34, pp 457-466 (2011)(Issue 6, January 2011);

[13] P. Adamson et al., "A search for Lorentz invariance and CPT violation with the MINOS far detector," Fermilab-Pub-10-240-E, Phy.Rev.Lett. 105.151601(2010) (Vol. 105, No. 15, 8 Oct. 2010);

[14] P. Adamson et al., "New constraints on muon-neutrino to electron-neutrino transitions in MINOS," Fermilab-Pub-10-176-E, Phy.Rev.(Rapid Communications) D82:051102(2010) (Vol.82, No.5, 1 Sep. 2010);

[15] P. Adamson et al., "Neutrino and antineutrino inclusive charged-current cross section measurements with the MINOS near detector," Fermilab-Pub-09-468-E, Phy.Rev.D81:072002(2010) (Vol.81, No.7, 8 April 2010);

[16] E.W. Grashorn, J.K. de Jong, M.C. Goodman, A. Habig, M.L. Marshak, S. Mufson, S. Osprey, P.Schreiner, "The atmospheric charged kaon/pion ratio using seasonal variation methods," Fermilab-Pub-10-058-E, Astroparticle Physics 33,140-145 (2010) (Issue 3, 6 March 2010)

[17] P. Adamson et al., "Search for sterile neutrino mixing in the MINOS long-baseline experiment," Phy.Rev.D81:052004 (2010) (11 March 2010);

1.B.
Double Chooz Accomplishments 2009-2013
On the Double Chooz nuclear reactor electron neutrino disappearance experiment, Argonne Neutrino Physicists helped to establish an international collaboration when it was first realized that a new generation of reactor neutrino experiments would help determine the third neutrino mixing angle.  We helped organize the International Working Group on Reactor Neutrino Experiments, and edited the white paper produced by that group (Anderson et al., http://arxiv.org/abs/hep-ex/0402041).

Calibration Hardware
A main focus of the ANL contribution to this experiment was calibration hardware. We designed and constructed two systems: the z-axis calibration system, working closely together with physicists at the University of California-Davis and the University of Alabama, and the Articulated Arm, working closely with Drexel University and the University of Hawaii.  

[image: image4]
Figure 4: The z-axis system.  The spools are shown on the right.


Argonne provided the design, assembly, testing, software and deployment for the z-axis calibration deployment system, shown in Figure 4.  Elements of the system were made to fit in the glovebox provided by UC Davis, and to deploy radioactive sources provided by Alabama.  ANL postdoc Michelangelo D’Agostino completed the construction of the final two z-axis devices, based on the original design and construction by ANL/Alabama postdoc Juergen Reichenbacher.  Michelangelo also wrote the deployment software.  Postdoc Lisa Goodenough has helped to carry out the deployments themselves.  


The z-axis system is used to deploy sources from inside the sealed glovebox on top of the detector into the target region along the vertical axis extending down from the chimney. The z-axis deployment systems utilized by the identical near and far detectors will also be identical, and the calibration sources are made to be easily interchangeable. The deployment system consists of an automated fish-line scheme.  At the end of the fish-line, there is an exchangeable, standardized rod containing a gamma or untagged neutron source.  Furthermore, the system is designed to accommodate a laser diffuser ball, an LED-flasher, and tagged neutron sources, all of which would otherwise be deployed manually. 


The basic concept of the system is displayed in Figure 4.  It consists of a microstepper motor driving a spool equipped with a wire rope.  This wire rope runs over a guide pulley and down into the chimney into the inner target vessel of the detector.  At the end of this line a weight interface and calibration source are attached.  A shaft encoder is mounted to the guide pulley to provide a second, redundant estimation of the source position in addition to the reading on the motor.  The entire system is controlled from a graphical user interface on a deployment laptop.


We have also worked with Drexel and Hawaii to design and build an articulated arm, which is capable of deploying a calibration source throughout the cylindrical Double Chooz volume.  Argonne Engineer Vic Guarino worked with Drexel Professor Jelena Maracic to design and build the device, which has been extensively tested for position accuracy and reliability in ANL Building 366 by graduate student Ned Damon with help from ANL Double Chooz collaborators.  An initial challenge has been to construct the device from a limited number of materials which meet the strict Double Chooz compatibility tests (with the gadolinium-doped liquid scintillator) yet still have reliable and reproducible position accuracy.  An accuracy of 0.5 cm or better in every direction has been achieved.  The Articulated Arm will be deployed at Chooz later this year, and should be able to reduce the energy resolution of Double Chooz by a significant amount.

Calibration Software

The Argonne group has an important role within analysis and calibration efforts. Very precise determination of the energy dependence of the positron energy is the critical input to the oscillation analysis and accurate determination of the mixing angle θ13. In Double Chooz it starts with the measurements of PMT and electronics gain. One then observes uniformly distributed spallation neutrons throughout the detector volume and measures visible energy of 2.2 MeV gammas originating from neutron captures on hydrogen in liquid scintillator. Correction of the energy dependence on the position is then introduced through a two-dimensional map based on event position reconstruction, which corrects energy elsewhere to the value observed in the center of the detector. The whole energy scale is then tuned to the values obtained by deployment of radioactive sources within the central part of the detector. The same procedure is applied to both data and Monte Carlo, and cross-checked by comparison of visible energy measured from neutron captures on gadolinium (~8 MeV). This is again accomplished with radioactive sources deployed within the neutrino target using ANL’s z-axis deployment system, and augmented with additional deployment at target’s edge with the so-called guide tube deployment system.


Zelimir Djurcic serves as a co-Convener of the Double Chooz Calibration Group. He made a significant effort to support the Double Chooz oscillation analysis and pushed for calibration operations and the calibration source data analysis.


Early work had been started at ANL to implement the energy scale calibration method described above, with the use of cosmogenic spallation neutrons and 12B beta particles.  We used neutron capture gamma lines at 2.2 and 8 MeV combined with the 12B beta-decay end-point energy of 13.6 MeV; this approach eventually was adopted by the analysis group to provide a calibration scale over the full energy range relevant to antineutrino detection. The cosmogenic sources are uniformly distributed within the detection volume in the same way that antineutrino candidates should be, thus accounting for the energy scale position dependence and providing a realistic detector response. Such calibration complements the deployment of radioactive sources: it eliminates position dependence while the overall energy scale is set by deployed radioactive sources.


Since the first results of Double Chooz resulted from the operation of only the single far-detector, we needed to compare the observed positron spectrum to an absolutely predicted spectrum. Two inputs were crucial to this analysis: absolute detection efficiency of the detector, and the antineutrino flux prediction from two CHOOZ reactors.

Detection Efficiency

For the detection efficiency, Zelimir Djurcic led a detection efficiency analysis group (”Neutron Task Force”) to provide the absolute normalization and to evaluate systematics of the Monte Carlo prediction.  Zelimir suggested a new detection efficiency analysis method, which has been used in all publications to date.  This is done by the deployment, simulation and analysis of Cf-252 source data, and augmented with antineutrino data and Monte Carlo simulation.  The source is producing prompt gamma rays and delayed neutrons when deployed in the liquid scintillator.  To properly model the detection response, we compared results to the Monte Carlo prediction of the detector response.  Based on this analysis led by Zelimir and conducted with three graduate students, a correction to the Monte Carlo prediction was evaluated, including a full set of systematic uncertainties at the sub-percent level.

Reactor Monitoring

The ANL group also contributed to the Reactor Group work, to provide the antineutrino flux expectation.  Before he joined Argonne, Zelimir led a team of physicists quantifying uncertainties in the antineutrino production at nuclear reactors. A study addressing the uncertainties in the antineutrino signal from nuclear power reactors was published, (Z. Djurcic et al., “Uncertainties in the Anti-neutrino Production at Nuclear Reactors,” J. Phys. G: Nucl. Part. Phys. 36, 045002 (2009), to demonstrate that the uncertainties in the antineutrino flux from reactor thermal power and reactor nuclear fuel composition would be reduced for Double Chooz when compared to previous reactor antineutrino experiments.


The reactor work involvement continued at ANL: we performed the reactor core simulation using DRAGON and MURE packages to predict the antineutrino rate at the far detector.  The result was used in the oscillation analysis and published as C. L. Jones et al., “Reactor Simulation for Antineutrino Experiments using DRAGON and MURE,” Phys. Rev. D 86, 012001 (2012).


The detailed calibration data allow a precise energy-shape fit to the prompt neutrino candidates for the most sensitive extraction of θ13.  Moreover, good understanding of uncertainties in detection efficiency and reactor flux measurements is essential for sensitivity to neutrino disappearance with a single detector.
Collaboration Responsibilities

Zelimir Djurcic is serving as US-analysis co-Convener with major responsibilities on energy and efficiency calibration.  In addition, ANL group members contributed to writing publications, reviewed analyses done by students and postdocs within the collaboration, served as shift leaders (Run Coordinator responsibility), and trained several summer students on software and data analysis.  We are currently mentoring a graduate student Guang Yang (IIT) performing Ph.D. work on Double Chooz.  There has been an ANL physicist on the Executive Committee since the start of the collaboration through 2013.  Argonne has managed the DOE common fund for eight U.S. DOE Institutions.

 Early results on θ13 


Double Chooz produced the first indication of a non-zero value of 13 from a new generation of reactor neutrino experiments in October 2011, and published in PRL 108, 131801, (2012).  The subsequent paper on the analysis with more data and better control of the energy systematics was led by the ANL Double Chooz physicists.  This publication obtained a measurement of sin2(213) = 0.109 ± 0.030 (stat) ± 0.025(syst).  As of April 2013, it is still the only result for 13 which fits the important reactor neutrino energy spectrum.  We are able to do this because of the full energy calibration performed by Double Chooz, thanks in part to the hardware and software efforts of the ANL collaborators, led by Zelimir Djurcic.  The key aspects of the energy calibration are described in detail in the paper.  In brief, they include:

A. time-dependent calibration from the light flasher system,

B. position-dependent calibration (in height and radius) from the z-axis calibration together with calibration from spallation products and the Monte Carlo,

C. corrections for energy non-linearity from comparison of various source data and modeling of the scintillator response.

 
The data from that publication and the fits are shown in Figure 5, along with a bin-by-bin calculation of the systematic error from an energy-dependent covariance matrix.  There is significance to this energy calibration beyond its importance for the measurement of the third neutrino mixing angle.  There are ideas for new reactor neutrino disappearance experiments at 50 km from a reactor site to measure the neutrino mass hierarchy.  These will depend on achievement of energy resolution much better than has been achieved so far.  At the moment, it is Double Chooz which has achieved the best energy resolution in a reactor neutrino experiment, and those methods will serve as important methods and benchmarks for the next round of experiments.


[image: image5]
Figure 5: Measured prompt energy spectrum superimposed on the expectation including backgrounds (green), for the no-oscillation (blue dotted) and best fit (red) cases, for sin2213 = 0.109 and m231 = 2.32 x 10-3 eV2.  Inset shows the stacked backgrounds, and the two lower curves show the ratio and difference between the data and no-oscillation prediction.

Other analyses

Besides the oscillation analysis, ANL physicists have been involved in the other analyses of Double Chooz.  We represented Double Chooz at the workshop on Lorentz violation in Indiana in 2012, and that analysis has now resulted in a paper.  It was ANL physicist Lisa Goodenough who recognized the point in time when both reactors were not operating, and she then contributed the muon analysis to a paper on reactor neutrino backgrounds that resulted from this “off-off” condition.  She has also started an analysis for dark photons, and the energy work of Djurcic helped the group doing the Hydrogen analysis.
Double Chooz Publications
[1] Y. Abe et al. (Double Chooz Collaboration)

Reactor electron antineutrino disappearance in the Double Chooz experiment 

Phys. Rev. D 86, 052008 (2012) 

[2] Y. Abe et al. (Double Chooz Collaboration)

Indication for the disappearance of reactor electron antineutrinos in the Double Chooz experiment  PRL 108, 131801, (2012). 

[3] Y. Abe et al. (Double Chooz Collaboration)

First Test of Lorentz Violation with a Reactor-based Antineutrino Experiment

Phys. Rev. D 86 112009 (2012)

[4] Y. Abe et al. (Double Chooz Collaboration)

Direct measurement of backgrounds using reactor-off data in Double Chooz

Phys. Rev. D 87, 011102 (2013) Published Tue Jan 8, 2013

[5] Y. Abe et al. (Double Chooz Collaboration)

First Measurement of θ_13 from Delayed Neutron Capture on Hydrogen in the Double Chooz Experiment, Submitted to PRD; Also http://arxiv.org/abs/1301.2948

[6] C.L. Jones et al.

Reactor Simulation for Antineutrino Experiment using Dragon and MURE

Phys. Rev. D 86, 012001 (2012).
1.C.
NOA Accomplishments 2009-2013
The Argonne Neutrino Group has played a major role in the NOvA experiment since its inception.  In the past three years, members of the group have had leadership roles in the NOvA Project and the Collaboration such as management of PVC extrusion production, heavy involvement in detector assembly, database management, DAQ software development, Run Coordinator positions overseeing commissioning, and physics studies and analyses.  At least one ANL scientist has always served on the NOvA Executive Board during this time.

PVC Management

PVC extrusions are the backbone of the NOvA experiment: mechanically strong PVC-based extrusions with a unique formulation designed for high internal reflectivity of scintillation light.  As the Project Level 2 Manager for extrusions, ANL Physicist R. Talaga manages a team of engineers, scientists and technical experts at Argonne and Fermilab and works with industrial partners to fabricate the 22,000 extruded plastic profiles, each 51 feet long made with strict geometrical, optical and mechanical tolerances that are unique to the NOvA project.  


The production of the PVC extrusions involves more than 14 million pounds of the custom-formulated “NOvA -27” PVC-based powder made with exceptionally tight tolerance requirements.  Each extrusion has a battery of QC tests performed on it (or an accompanying short sample extrusion) to ensure physical strength, high optical reflectivity and proper geometrical dimensions.  Furthermore, R. Talaga’s group has provided motion and shipping capability to stacks of PVC modules weighing approximately 29,000 pounds, as well as arranged for storage for module stacks.
The Project Level 2 management for PVC extrusions is a $26 million (FY07$) task and therefore requires managerial duties as required by Fermilab EVMS, the Project Manager and Project Office.  The die tuning process was a difficult task, where unforeseen cost and schedule issues had to be dealt with.
 
In April 2010, the PVC R&D task was nearly completed and we started the Construction tasks.   Talaga oversaw the selection of a vendor to produce custom-designed N-27 formulation in large-scale production facility.  We require detailed data on mechanical strength, a large number of geometrical dimensions, including flatness to less than 0.5 mm, and excellent reflectivity off the inside walls. All QC data are entered into the NOvA QA/QC database.  Data from the QC measurements of extrusion structural dimensions were presented to the NOvA extrusions evaluation committee chaired by Talaga, which included the NOvA Project Manager and lead engineers from Argonne, Fermilab and the University of Minnesota.  Extrusion production began in January 2011.  However, only one month later, extruding became more difficult due to problems of large-scale manufacture of the N-27 powder.  Management, engineers and technicians from the company that produces N-27 powder, PolyOne, conducted intense internal reviews and discovered a manufacturing problem.  The company recalled over 400,000 pounds of unused but problematic N-27 powder with a full refund.  PolyOne instituted physical and procedural changes at their plant to correct this problem.   


[image: image6]
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Figure 6: Left: Extruding machine and cooling tanks at Extrutech.  The die is located between the red table and tan extruding machine. Right: PVC die during inspection process.  L3 Manager for Quality Assurance Jim Grudzinski, ANL, is second from right.


A second issue with extrusions was discovered in 2011: possible defects in the extrusions, discovered by an engineer performing Quality Assurance tests on selected extruded samples at Argonne.  The finding showed an area around some of the knitted joints in the extruding process to be weak.  This issue took approximately 5 months of additional R&D to resolve.  ANL physicists and engineers hired outside experts, and together they worked with the die and extruder manufacturer specialists to perform tests at the extruding company.  Additional modifications to the die, the extruding machine and the operating conditions were required.  Production resumed, but it was slower than originally planned.  We determined that with a slight loosening of tolerances we could produce at a much higher rate.  NOvA engineers (from Fermilab and Argonne) evaluated the consequences of loosening tolerances, and the result of this analysis showed that we could gain a lot of efficiency for minimal structural strength loss.   This doubled the production rate with a concurrent drop in the scrap rate.  We expect extrusion production to be completed before the end of CY 2013.
Detector Assembly

Argonne has been responsible for NOvA detector assembly and assembly equipment.  This work was started with Argonne’s Dave Ayres as L2 Manager for Detector Assembly in 2006.  Upon Ayres’ retirement towards the end of 2008, Pat Lukens (Fermilab) was appointed L2 Manager for Detector Assembly.  However, the assembly equipment development and prototype detector assembly tasks remained at Argonne, with R. Talaga as lead physicist at ANL and V. Guarino as L3 Manager for assembly equipment.  With the exception of the Block-Pivoter, all of the assembly techniques and equipment were developed at Argonne.


A number of important and well-documented safety reviews performed on the prototype equipment and assembly methods at ANL proved to be crucial.  ANL industrial hygiene personnel conducted studies on the possible toxic and explosive threats posed by the adhesive used to bind layered modules into a solid block structure.  Additional reviews on the safety of mechanical and electric hazards posed by the assembly equipment were performed.  


[image: image8]

 SHAPE  \* MERGEFORMAT 
[image: image9]
Figure 6: Module being hoisted by Argonne's module lifting beam over for gluing.  Note the pneumatically-actuated safety catch under the module. Figure NOvA-3: First module being glued at start of Ash River block assembly.


Argonne personnel worked closely with Lukens and the detector engineering team at Fermilab in the construction of the Full Size Assembly Prototype (FSAP) in 2009, the Integration Prototype Near Detector (later to be known as the Near Detector on the Surface: NDOS) in 2010, and the Full Height Engineering Prototype (FHEP) in 2011.  All of the prototype construction was done with some participation of NOvA technical collaborators from Fermilab and the University of Minnesota, to transfer knowledge and techniques developed at ANL to crews at the Ash River Far Detector site and the Fermilab Near Detector site.  NDOS detector blocks were shipped from ANL to the NOvA surface building at Fermilab in summer of 2010.  They were filled with scintillator and exposed to neutrino beams and cosmic rays.  NDOS is still in operation to date.


The FHEP block was built on a prototype Block-Pivoter table made by Fermilab and delivered to the HEP high bay facility in Building 366 at Argonne.  After the assembly was completed, the loaded table was pulled out of the Building 366 facility, raised with a crane and loaded on a truck for shipment to the CDF hall at FNAL in October 2011.  It was attached to the Block-Pivoter and successfully raised to a vertical orientation at Fermilab.  It was later filled with water as a first full-height test of scintillator filling at Ash River.


In 2012 ANL built final versions of all of the prototype assembly equipment for Block Construction at Ash River: three module lifters and one adhesive machine.  Argonne engineers and technicians traveled to Ash River to install and commission these devices.  Argonne engineers continue to make on-site repairs, as needed.  The prototype adhesive machine and module lifting beams that were used for NDOS assembly were moved to Fermilab for the Near Detector Construction.  Argonne engineers continue to provide their expertise at Fermilab as needed.


Detector Block Assembly techniques and the equipment used to make the blocks were developed at Argonne.  ANL engineers and technicians developed the Module Lifter, worked with ITW Devcon to produce a custom adhesive for NOvA, and developed and built the adhesive dispenser (Glue Machine) and the Pallet Base Interface Material.  The Module Lifter is a stiff beam outfitted with vacuum pumping capability, vacuum suction cups and retractable geared-trunnions for the purpose of lifting a detector module and holding the module from below with minimal deflection after rotation of 180 degrees.  A set of pneumatically-controlled safety restraints is used to prevent a module from falling in the event of vacuum loss in the suction cups.  A separate module lifter was built to handle the shorter NDOS modules.  


The adhesive used to glue modules into blocks has an open time of 20 minutes, placing a strict limit on the speed with which modules must be placed in the block after the adhesive application has been started.  Once the prototyping phase was completed, glue bond strength became suspect after tests initiated at ANL in January 2012.  The change in bond strength most likely had to do with the extruding process used for Construction extrusions, which is faster than the process used in the R&D phase.  This may not allow enough time for some of the waxes necessary in the extrusion process to evaporate.  Realization of this problem and a rapid solution forged by Argonne engineers and Devcon, resulting from testing hundreds of glued samples at ANL with several modifications to the initial glue formulation and a number of surface preparation techniques, has led to a successful last-minute change in the glue formulation and mandated a process change in the assembly: sanding the PVC surfaces.  Argonne continues to evaluate each adhesive shipment for binding strength with NOvA PVC extrusions prior to its use at Ash River.


The Glue Machine applies a two-part adhesive (from 55 gallon drums) to the exposed surface of a 1,000-pound PVC detector module.  A reduction gear roll-over fixture, designed at ANL, was placed within the rails of the Glue Machine to hold the Module Lifter and detector module at the correct level and alignment for gluing.  Once engaged, the Module Lifter was rotated 180 degrees along the long axis to expose the underside of the module for adhesive application.  A two-part commercial adhesive dispenser was integrated into an ANL-designed moveable carriage and track system.


After assembly on the Block-Pivoter table, the block is raised and supported by vertically-oriented modules that rest on steel pallets.  The pallet base is not perfectly flat and the module end-plates, made of PVC, may be subjected to large stresses in isolated spots, degrading their integrity.  In order to avoid this issue, ANL sought out a number of possible methods to overcome this.  Several products were tested, including grout and self-leveling epoxy, which were rejected.  A moldable plastic interface was selected to solve this problem.  It is a soft, moldable product called Flexane, produced by ITW Devcon, which assumes the shape of the gap interface between steel pallet and the module bottom plate.  It is applied to the bottom just prior to installation on the Block-Pivoter, with the end plate and Flexane pushed against the steel pallet.  This provides robust interface between the PVC and steel pallet that hardens well before the block is raised into position.


Physicists Steve Magill and Zelimir Djurcic developed a standard design for a fast-turnaround leak testing of modules used in construction of the detector.  Argonne has supplied a 30 channel version (MLT) which tests just-shipped modules as they arrive at Ash River, an 18 channel version (BLT) which tests modules after assembly into blocks and placement in the Far Detector hall, and a 12 channel version which will test Near Detector modules both after delivery to Fermilab and after block installation underground.

Database Management

ANL Physicist J. Paley is responsible for coordinating the QA/QC database, as well as all databases used by the DAQ, DCS and Offline groups.  All hardware components, from the APDs to the liquid scintillator, undergo detailed QA and QC tests.  The results of these tests are collected from various sites around the US and stored in a QA/QC database.  These data are used by the NOvA Project to track progress, and by the operational DAQ and DCS groups and Offline reconstruction and analysis groups.  Furthermore, all details of detector construction are stored in this same database, allowing the DAQ and DCS groups to extract necessary information on each item installed on the detector.


Paley is also responsible for all database schemas and tables, and the C++ database interface used by the DAQ, DCS and Offline groups.  This interface is designed to be flexible while making reading and writing to the database simple such that little expertise in SQL is required by the general user.  The interface is also designed to handle high-rates of transactions as well as very large amounts of data.

DAQ Software Development

In early 2010 it became very clear that the DAQ software required a significant boost in manpower from the Collaboration.  Physicists Paley and Magill joined this group, with Paley assuming the responsibilities of the DAQ Resource Management and Run Control, and Magill assuming the responsibility of the DAQ Data Logger.  


The NOvA DAQ consists of many components which are generally referred to as resources.  The DAQ is designed such that resources may be partitioned into independent DAQs, so that, for example, one part of the detector that has been fully commissioned may collect physics-quality data, while another section of the detector may be running in commissioning mode.  Resource Management oversees this split of resources and ensures that hardware is not shared across partitions, as well as allows one to define new DAQ resources as they come online.


The DAQ Run Control is the front-end user interface to the DAQ and allows shifters and DAQ experts to create DAQ partitions, select hardware configurations, and begin, pause, resume and stop data taking.  The DAQ Run Control has been designed with a complicated state machine involving over 40 states and nearly 100 allowed transitions between states.  The Run Control also stores run history to the NOvA database, later used in the offline analysis, and interfaces directly with the electronic logbook.


The Data Logger is the final stage of the DAQ software chain, combining trigger information and data collected from DAQ buffer node event builders into an event.  It writes the event streams to disk and to shared memory for online monitoring.  A version of this was completed in 2010 and used on NDOS; ANL postdoc Louise Suter has taken over responsibility and is making improvements needed for FD commissioning.

Run Coordinator Roles

Argonne Physicists have also played a major role in the commissioning of the NDOS detector and now with the Far Detector.  J. Paley assumed the role of NDOS Run Coordinator in April 2010 and continued in the role until April 2012.  During this time, he coordinated shifts for installation, commissioning and normal operations of the NDOS detector, coordinated DAQ and DCS commissioning efforts on the NDOS and oversaw day-to-day operations of the detector.  Paley worked closely with FNAL CD Database Applications Group to develop a new enhanced electronic logbook and shift scheduler that is now used by many IF and CF experiments at FNAL.


The commissioning of the prototype NDOS detector taught us a great deal about how the as-designed detector operates.  By far the major issue we had to face was the loss of nearly half of the APDs that had been installed on the detector over a 5-month period. The loss of APDs was eventually traced to moisture that was forming on the face of the APD; the APD faces are bare silicon, and the water acted as a conductor, creating a short and destroying the APD substrate.  The moisture was a result of leaky APD mounting hardware.  The moisture issue has been addressed by flowing nitrogen across the surface of the APD as well as coating the APDs with parylene, a waterproof polymer, to protect the APD silicon.  The remaining functioning APDs were redistributed to optimize the quality of neutrino interaction measurements in the NDOS.


The NDOS detector collected data from cosmic rays as well as several thousand interactions from the NuMI beam (the detector is located 114 mrad off-axis).  These data provided the collaboration with an opportunity to develop event reconstruction and analysis software with real data, as well as to develop a nearly complete calibration scheme, a data quality monitoring system, and to test the timing and trigger system of the detector.  The methods developed are now being refined for use with data collected at the Far Detector. 


Commissioning of the first sections of the Far Detector began this past March, and Argonne Physicist Steve Magill is the new Run Coordinator responsible for organizing the critical commissioning and data quality monitoring efforts. 

Physics Analysis

ANL Physicists have made significant contributions to physics simulation studies, reconstruction and analysis over the past three years.  Steve Magill worked on simulations to study the impact of the size of the Near Detector on containment efficiencies, which led to the decision to increase the width of the detector by an extra module (~1.3 m).  He also introduced an offline algorithm based on known hit correlations in electromagnetic showers to help in the identification of electrons from oscillated neutrinos.  This technique - called the H-Matrix - was used in the D0 experiment to identify photons.  In NOvA, it is anticipated that this algorithm will be used to separate electron showers (signal of oscillated neutrinos) from neutral pion showers (difficult background), and ANL postdoc Himansu Sahoo is working on the implementation.  Maury Goodman and postdoc Lisa Goodenough are working on cosmic-ray background studies for the e appearance measurement using MC and NDOS data.  J. Paley is a co-convener of the  CC working group and is responsible for coordinating all analysis efforts for the  CC disappearance (oscillation) measurement as well as all  CC cross-section measurements in the NDOS and Near Detector.  Paley has overseen the development of the entire analysis chain for the disappearance analysis and is working closely with Michigan State graduate student Enrique Arrieta Diaz on a thesis analysis of NDOS data.  Enrique has an Argonne Lab-grad appointment.

1.D.
LBNE Accomplishments 2009-2013
Introduction

The Argonne HEP group joined the Long-Baseline Neutrino Experiment Collaboration when it formed in 2009.  Group members are now helping to provide the leadership for that important component of the future U.S. High Energy Physics Program.  Maury Goodman is in his third term as Deputy Spokesperson for the Collaboration, a position with important leadership and responsibilities, such as secretary of the executive committee.  ANL secretary Raquel Young is the de-facto secretary for the collaboration.


The last three years have been a “turbulent success” for the Long-Baseline Neutrino Experiment.  There was a technology decision between a large Water Cherenkov Detector and a Liquid Argon Time Projection Chamber.  There was a detailed cost estimate put together for this option in the underground site at the Homestake mine, also known as the Sanford Underground Research Facility (SURF).  When the Office of Science decided that the $1.4B cost estimate was too much, there was a lightning fast “reconfiguration” of the project to fit within an $867M cost cap.  There was then a push to get to CD1 with the newly reconfigured design for a 10 kiloton detector on the surface.  Unfortunately this gave up a significant fraction of the physics program, such as supernova neutrinos and nucleon decay.  The turbulence comes from the fact that designs for many parts of the program were made that are not part of the current project.  But a large billion dollar scale program necessitates the serious exploration of many alternatives that are subsequently not pursued.  Work on alternatives that are not chosen successfully contributes to the experiment.  LBNE is going forward and is capable of filling in the gaps in our current understanding about the nature of neutrinos.

Organizational Issues and Building the Collaboration

The LBNE collaboration will be in existence for many years.  It will require a set of skills from many groups that will change over the years, yet remain a vibrant and inclusive experiment.  It was important to craft by-laws that will stand the test of time, but also be easy to use and modify as needed.  Those rules were crafted by Deputy Spokesperson Maury Goodman, with a particular view to keeping them short and simple yet flexible.  The collaboration has already weathered a great deal of uncertainty, a tough technology choice between advocates of building a water Cherenkov detector and those who wanted a liquid Argon time projection chamber, and the reconfiguration process.


The process of building the LBNE collaboration involves recruiting and talking to possible investigators one at a time, and trying to find appropriate mixes of interests and talents that will enhance the physics that LBNE can perform.   Maury Goodman is the first point of contact for many new collaborators.  He provides them with the rules for joining the collaboration, and works with the institutional board to provide the required information to them in a timely way.  


As the flagship experiment for the Intensity Frontier Programs in the U.S., the size is comparable to large collider experiments.  LBNE is already larger than the CDF collaboration at its similar stage.  It has 375 members as of April 2013, and is at an early stage for which almost no students and only a few postdocs are participating. Further growth in both institutions and members is quite likely.  The task of collaboration management, much of it done at ANL, is of increasing importance compared to a smaller experiment.  Regular communication is needed to the full collaboration, but not so much that the important information is masked by the noise.  Good information resources must be available, so that a collaborator can know who to contact about a particular item, which on a smaller collaboration they would just know.  


Collaboration meetings are organized by ANL, including the creation of meeting agendas.  Collaboration meetings must be planned carefully.  People’s time is valuable, and the agendas have to cover the important topics for the collaboration without duplication.   Parallel session conflicts need to be chosen to get specialized work done, but always the potential for conflict between related topics exists.  Meetings need be run efficiently, and provide for easy-to-use remote access. 

Technical Decisions

A crucial decision that LBNE had to make was the technology for the far detector.  Mature designs were made for both a 200 kton water detector and a 34 kton liquid Argon detector.  Sketches and locations for these two options are shown in Figure 7.  Simulations showed that both detectors had similar sensitivity in resolving (e events, and hence for 13, the mass hierarchy and CP violation.  Both designs were fully developed for both technical specifications and physics performance.  These were documented in a pair of “case studies” that showed the specific performance for both the beam and underground physics, including supernovae, nucleon decay and solar neutrinos.  
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Figure 7: Designs and locations of a 200 kiloton water detector (left) and a 34 kiloton liquid Argon detector (right) in the Homestake mine.


The executive committee held an extensive series of meetings to review both designs and the performances, and to establish a way to come to a timely decision between the two technologies.  The discussions regarding the two options were a time consuming process, and a great deal of technical information was presented to the executive committee over a series of months.  Of course both options were attractive and had strengths and strong cases for being chosen, but the existence of this choice was an argument by some that LBNE didn’t know what it wanted to do.  A decision had to be made in a timely manner, and resources focused on further development of the chosen option.  As Deputy Spokesperson, Maury Goodman played a role in making sure that the entire process was open and that key decision points were communicated fully to the collaboration.   One gauge of the success of this approach was that despite strong feelings about the subject, nobody left the collaboration after the decision was made.

Veto Counter for the 800 foot level Liquid Argon Detector

Jon Paley served as Level 3 Manager for the LBNE LAr40 Veto System (August 2010-December 2011) - subsystem.  A veto counter was deemed critical for reducing backgrounds in the search for proton decay events in the proposed 20 kiloton liquid argon TPC far detector at 800 feet below the surface.  Much of the time spent on this activity involved developing and documenting the conceptual design of the veto detector along with Basis Of Estimates (BOEs) for costing purposes.  The ANL HEP mechanical engineering group was engaged in the design of this detector, and a simple mechanical prototype was constructed and stress-tested.   Several different geometric layouts of the veto counter were considered.  The proton decay mode of particular interest in a liquid Argon detector is       p (K+, and only the K is seen in the detector.  The main point of the geometry studies was to tag muons which might produce KL through deep inelastic scattering, and the KL then charge exchanging into a K+ in the detector.   ANL physicists had particular experience on this mode, as the analysis for this mode in the Soudan 2 nucleon decay TPC was done at ANL and the paper reporting this limit written by an ANL collaborator.


The reconfigured location of LBNE on the surface makes it virtually impossible to search for nucleon decay, so the veto counter is currently dropped from the baseline design.  While it has been proposed to use a veto counter to tag the time of muons which might contribute to cosmic ray backgrounds of the beam events, this information by itself is actually not useful in a long drift chamber, in the absence of timing information from the electromagnetic showers that are either beam induced or muon induced.  It may be found from simulations with the photon detectors that a well-timed external veto will be useful for reconstructing information from the photon detectors.  If so, a veto system for LBNE may be reconsidered.
Alternatives to cables and phototubes

Until early 2012, a large water Cherenkov detector was considered as one of the options for the LBNE detector.  Simply stated, the design was a scaled up version of the Super-Kamiokande detector, with 60,000 phototubes.  Such a detector would require an immense number of long signal and high voltage cables to get the signals to the electronics.  This motivated a specific detector R&D project that Zelimir Djurcic undertook, to investigate the possibility of both wireless readout and wireless power.  This project received a two-year Argonne LDRD (Lab Directed R&D) award.   This support was used to set up a lab in building 362 and to hire postdoc Himansu Sahoo to work on the project.  They succeeded in showing that both goals could be achieved at some level.  The data readout was based on widely available and inexpensive cell phone technology.  There was close work and a great deal of support from the HEP division electronics group, and in particular from engineer, Patrick DeLurgio.  The work has been written up and presented at IEEE conferences.   Despite progress on the detector side, when the decision was made to use a liquid Argon detector, it was decided to concentrate on projects which supported that decision, rather than to follow up the successful detector R&D on eliminating/reducing cables.


In a parallel effort, ANL has been at the forefront of new readout techniques with devices known as Large Area Picosecond Photo-Detectors (LAPPD).  This project is funded as a Detector R&D task, and is separate from the neutrino group.  However, it was obvious that successful development of cost-effect LAPPDs could be an important game-changing event for an LBNE water detector.  Neutrino group members Mayly Sanchez and Ioana Anghel worked with ANL postdoc Matthew Wetstein to enhance water Cherenkov pattern recognition algorithms to take advantage of better timing.  There was a great deal of progress on understanding how to use good timing to improve the performance of water detectors at the time that the decision was made to go with liquid Argon.

Cosmic Ray Backgrounds

During the reconfiguration process, it was first assumed that LBNE could function on the surface with the same sensitivity to beam physics that it would have underground.  With a slow drift time (1.4 ms) much longer than the beam spill (10 s), this raised potential backgrounds that had not been considered.  ANL physicists Lisa Goodenough, Maury Goodman and Mayly Sanchez, together with Iowa State postdoc Gavin Davies, quickly thought through the issues involved and identified the nature of possible backgrounds.  It was found that every beam neutrino event in a surface detector would have a cosmic ray muon passing by less than about two meters away.  This did not provide a confusion problem, but since some of the billions of muons in coincidence with beam spills would have small disconnected showers, a background estimate needed to be made.  The first step was to add back to the LBNE baseline the photon detector system.  It had originally been designed to reduced backgrounds for nucleon decay at the 800 foot level, but would have a much more demanding role for the beam physics at the surface.  We also worked with the cosmogenic group to make specific estimates of those beam backgrounds for a number of processes that could be calculated.  It was found that a Point Of Closest Approach (POCA) cut was effective at dramatically reducing the backgrounds to a possibly acceptable level.  But this will need to be followed up with specific pattern recognition algorithms for both the signal beam e events, and for more detailed Monte Carlos of rare muon energy loss phenomena, as well as consideration of other cosmic ray induced sources of backgrounds.

Photon Detection System R&D

Both Jon Paley and Zelimir Djurcic have been active in starting a program to help with the Photon Detection systems (PD).   Jon Paley worked with the ANL HEP mechanical engineering group to investigating options to re-use the ANL DHCAL RPC coating system to spray fine coatings of wavelength shifting chemicals onto the surface of 2 m long acrylic light guides.  These light guides, attached to the Anode Plane Assembly frame, are the current baseline plan for the photon counters.  There are several unsolved R&D issues and ANL has started to address some of them.  These involve both the design of the photon counters themselves and the electronics for them.  With our previous work on the cosmic ray backgrounds, we have already laid out many of the issues that need simulations of signal and background events to refine the specifications for the photon detectors.  


Zelimir Djurcic and Gary Drake have taken the responsibility for the electronics for the PD system.  An early concept, designed by Marvin Johnson at Fermilab, is to place that electronics outside the cryostat.  The first tasks have been to review the conceptual design, and write the specifications for the PD electronics.  Plans have been developed to test prototype electronics for the PD in the 35-Ton prototype at Fermilab.  Both hardware and electronics issues for the PD are discussed in more detail in the LDRD planning section of this document.
Summary
As the flagship program for the future of the US Intensity Frontier, every lab is working on the LBNE experiment, and making important contributions.  A long description of the physics goals of LBNE would therefore necessarily be redundant.  Here we describe them briefly, but first distinguish between the approved plan, now called LBNE10, and the goals of the collaboration, known as LBNE.  The collaboration goal is for a 34 kiloton liquid argon detector at the 4850 level of SURF and a full capability near detector in a new beam.   We hope the 10 kiloton detector can be placed underground as a step toward that goal, but a 10 kiloton detector on the surface, i.e. LBNE10, will have valuable capabilities for resolving unanswered questions about neutrinos.  A primary goals statement for LBNE was crafted by the project manager with input from the collaboration executive committee.  It states:

The primary science objectives of LBNE are:

1. A search for and precision measurements of, the parameters that govern ( e oscillations.  This includes … if 13 is large enough, measurement of the CP violating phase , and determining the mass ordering (sign of m2).  

2. Precision measurements of 23 and m2 in the  disappearance channel.

3. Search for proton decay, yielding a significant improvement in current limits, on the partial lifetime of the proton (/BR) in one or more important candidate decay modes, e.g. p( e+0 or p(  K+.

4. Detection and measurement of the neutrino flux from a core collapse supernova within our galaxy, should one occur in the lifetime of LBNE.

The Argonne Neutrino Group helped to formulate these objectives and is working toward their accomplishment as part of LBNE.

1.E.
Muon g-2: Accomplishments (08/12 – 05/13)

Overview Muon g-2


Argonne officially became a member of the E989 Muon g-2 experiment [1] in December 2012. The new experiment will measure the anomalous magnetic moment, aμ, of the muon to 140 ppb – a four-fold increase in precision over the BNL E821 result [2]. The BNL result has left the physics community with a tantalizing discrepancy between experiment and the standard model prediction [3] of about 3.5 sigma: a = (287 ± 80)  10-11.

If this deviation remained unchanged, the new E989 experiment together with improvements in the theory would lead to an 8.5 sigma deviation. At this level, the difference would be a clear sign of physics beyond the standard model.


The basic experimental concept is based on a polarized muon beam stored in an extremely homogeneous magnetic storage ring. Parity violation in the muon’s weak decay is a key as it makes the muon its own spin analyzer. Consequently, the decay positron time spectrum incorporates the information about the spin precession frequency, a. Since a is derived from the ratio of a and the precisely mapped magnetic field B, each of these two quantities has to be measured to better than 100 ppb precision.


The new measurement of the anomalous magnetic moment will be based on well-established techniques from the BNL E821 experiment. Many detector and equipment upgrades are required to record the 20-fold larger data set acquired at higher rates. To achieve the challenging goal of a 70 ppb measurement of the magnetic field, the BNL E821 nuclear magnetic resonance (NMR) equipment has to be refurbished, upgraded and precisely studied ahead of the data-taking to understand a variety of subtle systematic errors. The magnetic field is measured by a combination of calibration probes, ~400 fixed NMR probes above and below the storage region and an in-vacuum trolley system (see left panel of Figure 8) mapping the field inside the muon storage aperture.

The HEP division at Argonne has taken the lead on this essential trolley system, which provides the precise field map averaged over the full azimuth of the storage ring magnet (see right panel of Figure 8).  This map is crucial and its folding with the muon beam distribution provides the measured field value that enters in the extraction of the anomalous magnetic moment. Our responsibility comprises the refurbishment of this system, including mechanical and electronics upgrades to the trolley itself as well as to the cable drive and the garage mechanism storing the trolley during muon injection.


For the measurement of the spin precession frequency, g-2 collaborators will implement a completely new lead-fluoride electron calorimeter with silicon photomultiplier readout, full waveform digitization and a new DAQ system. Argonne will contribute by coordinating the necessary integration of slow control components (sensors and control units) and implementing the core elements of this system, namely the backend computer and the software to readout and communicate with the subsystems.

Scientific Research


As outlined above, the HEP division at Argonne has two main responsibilities in the g-2 project. In the following, we will describe our recent achievements with respect to those.

The field trolley


The measurement of the magnetic field is one of the two observables necessary to extract the anomalous magnetic moment of the muon. During muon storage, the field is monitored by a set of about 400 fixed NMR probes located above and below the vacuum chambers. To extract the multipoles of the field distribution inside the muon storage aperture, special runs with the in-vacuum trolley are performed intermittently. For these, the trolley is inserted into the storage region from its remote storage location in a dedicated in-vacuum trolley garage. While the trolley is riding on precision aligned rails, it is pulled by two cables in order to map the field a full 360 degree turn and back with 17 NMR probes at 6000 locations. The pulling of the cable is facilitated by two cable drums outside the vacuum chambers. The readout of the NMR probes is integrated into the onboard electronics that are optimized for minimal magnetic distortions and low power consumption. A serial interface to the remote DAQ computer serves as the communication and data readout. 
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Figure 8: Left panel: Field mapping NMR trolley system. Right panel: Typical field map from E821 averaged over the entire storage ring azimuth.
In order to get familiar with this system and to understand past mechanical issues as well as systematic errors related to the trolley, we have started to study the detailed analysis reports and other technical documentation from BNL E821. In addition, Peter Winter visited BNL in late February 2013 in order to talk with local experts, learn about the trolley and related hardware, and see some of the components. This visit was very helpful in developing the full costing that enters into the Basis Of Estimate (BOE) for the upcoming CD-1 review. Following the working principle and components of the trolley system, there are six individual items that will be treated separately as shown in Figure 9. Since Argonne is charged with establishing the strategy and costing for the trolley, we have almost completed to detail future design and upgrade activities for these six categories. 
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Figure 9: Basis of estimate structure for the CD-1 review process for the in-vacuum trolley system.

The upgrade requirements needed to meet the challenging goal of a total systematic error of about 70 ppb in the magnetic field are currently being evaluated. Based on these, we have developed the following basic concepts for future work on this system over the course of the last months: 

1. The trolley garage shown in Figure 10 enables the storage of the trolley during the muon spin precession frequency measurement in a remote location outside of the muon storage aperture. It has a mechanism to insert the trolley into the storage region for the NMR measurement. The functionality and integrity of the mechanics has to be inspected, and it is not clear if it will survive the entire data taking in the new experiment. We are prepared to perform necessary upgrades once the garage is accessible at Argonne. 
2. The drive shown in Figure 11
 consists of two drums winding the cables that pull the trolley back and forth in the storage ring. While the default baseline foresees operation as is, a possible upgrade of the motor system for increased speed is an option that ANL would perform. 

3. Position measurements: knowledge of the trolley’s longitudinal and transverse position during its path around the ring is relevant in establishing a set of systematic errors arising from the coupling of the position uncertainty to field gradients. We are still evaluating the exact final requirements and have started to define a set of future measurements to meet these. Argonne will take a lead on improving the position measurement by upgrading an onboard barcode reader and establishing precise survey techniques in close collaboration with the Fermilab metrology department.

4. Probes: the 17 NMR probes on the trolley are basically identical to the 400 fixed probes around the ring. To be more efficient, refurbishment of those probes will be handled by collaborators from the University of Washington who are responsible for the fixed probes.

5. Frequency measurement and electronics: given the very optimized and integrated electronics inside the trolley, no changes are anticipated unless absolutely necessary. A variety of systematic errors associated with the trolley frequency measurement will be extensively studied in a very homogeneous test solenoid magnet and in the g-2 storage ring magnet ahead of the data taking in 2016.

6. DAQ: the communication with the trolley electronics and their readout is established by a single RS232 communication line. Argonne will establish a modern computer that provides all tools to control the trolley, the drive motors and the trolley garage control. This will also require programming of the 3 microcontrollers that are integrated into each of those systems. 

The above outlined concept has been developed with the help of the electronics and mechanical engineering groups at Argonne as their involvement in several of these future activities is crucial for success. 
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Figure 10 (left): The trolley garage for remote in-vacuum storage of the trolley during muon injection. Figure 11(right): The trolley drive with the two cable pulling drums, the two cables and the motors.
Slow Control

The slow control system will monitor and control the status of several subsystems of the g-2 detectors. More specifically, the purpose of the slow control and its data acquisition system is to set and monitor external parameters such as (high) voltages, currents, gas flows, temperatures, etc. These tasks are essential for operation of the experiment over many months of data taking. An immediate online feedback via appropriate software tools ensures continuously high quality data taking at similar conditions – an important ingredient to a successful high precision experiment. 

Figure 12 shows a recently established list of various slow control components required in the final g-2 setup. As not all systems have been finalized in their design, it is expected that there will be additional components added. For example, the two light shaded kicker and quadrupole systems will require some control and monitoring units. At this point, it is not yet decided if those will be integrated here or in the main data acquisition.
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Figure 12: Current overview of various slow control nodes for the various subsystems in the g-2 detector.
Argonne has taken the lead on the overall design of this level 3 system in the g-2 project. We have defined the structure of the slow control for the overall costing at the upcoming CD-1 review in terms of five categories:  

1. Sensors and controls: The slow control system will incorporate a variety of different sensors (e.g. temperature, voltage, current, gas pressure, humidity, etc.) and control units to set various parameters (e.g. voltage, gas pressure, motors, etc.). Many units will be provided by collaborators so that Argonne mainly needs to coordinate and guarantee proper integration of those systems into the slow control. 

2. System communication: These are software frontends that Argonne will develop to retrieve data from external systems like the Fermilab accelerator or the cryogenic and vacuum control systems.

3. Alarm system: Some detector components will need hardware interlocks for quick shutdown in case of irregular running conditions. Examples are the straw tracker gas and high voltages in case of sudden vacuum changes, and the disabling of the laser calibration system in case of overheating. We will provide such a dedicated system where needed.

4. Backend: The slow control system will include a backend computer provided by Argonne that runs the data acquisition software controlling all components and retrieving read-back parameters.

5. Data storage: Once the data is collected it will need to be stored. We will implement an appropriate database and provide tools to easily access the data during and after data collection.

In the last months, we have defined the requirements for the slow control and developed a conceptual design of the system. Responsibilities for certain sensors and controls have been divided and assigned within the collaboration. Again, the electronics and mechanical groups at ANL have been included in the development of this design, as their participation in future activities is required. While alternatives have been investigated, the current best choice is the use of the MIDAS software framework [4] in conjunction with the MIDAS slow control bus (MSCB) [5] as the basis for most of the hardware components.
Simulation


The evaluation of subtle systematic errors for both the spin precession frequency measurement and field measurement require a variety of simulation packages. A full GEANT4 simulation of the g-2 storage ring had been implemented a while ago. To increase future ease of use, to make the simulation more modular and to provide a well-defined handling of the simulation output data, the GEANT4 simulation was incorporated into the ART software framework which was developed at Fermilab. Peter Winter has taken a lead on this port which required some redesign of the existing simulation to match the new framework. Testing of this new package has begun and collaborators have started to switch to the new infrastructure to benefit from the improved flexibility of the ART framework.

Roles and Leadership in g-2

The significant positions held by Argonne HEP personnel are:

· Level 3 manager for slow control, Peter Winter

· Level 4 manager for the trolley system, Peter Winter

· Institutional Board Representative for ANL, Peter Winter
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2. Research Plan
2.A.
NOA Plans for the next three years

The next few years on the NOvA experiment will be a very exciting time as we complete construction and commissioning of the Far and Near Detectors and collect and analyze data.  The Argonne Neutrino Group will continue to maintain and improve the systems for which it is already responsible, and has already begun to focus more on efforts involving commissioning, calibration and data analysis.
Detector Construction, Commissioning and Support


ANL Physicist Steve Magill was appointed Run Coordinator in February of 2013, and is responsible for coordinating detector operations and commissioning of all detectors.  This includes operations of the NDOS prototype detector, commissioning of new detector elements of the FD at Ash River, operation of the commissioned elements of the FD, commissioning of new ND elements at Fermilab this fall, and operations of the ND after commissioning.  We anticipate Magill to have this position for ~1 year.  


Construction of the NOvA ND should begin late in the summer of 2013, and ANL scientists and supported graduate students will contribute to the assembly, installation and commissioning of the detector, facilitated by Argonne’s close proximity to Fermilab.  Furthermore, since some DAQ expertise is already in hand, some of our group members will become on-call DAQ experts, available to resolve any issues that occur with any of the detector DAQ systems.
Database Management


J. Paley will continue to manage the QA/QC database system, ensuring that all data collected at the detector and factory sites continue to be correctly uploaded into the central database at Fermilab, and the data made readily available to the Project and collaboration.  Further development of the C++ database interface is required to handle the ~20x increase in data expected to be stored for the FD than was stored for the NDOS.  Paley is working closely with FNAL Computing Division experts to develop a solution to these challenges and expects to complete the development effort by early summer of this year.

DAQ Software


J. Paley will continue to improve the NOvA DAQ Run Control and Resource Managers, and postdoc Louise Suter will also work on improving the Data Logger.  All three applications worked very well for NDOS, however the FD raises new challenges that must be met: automatic error recovery, the ability to handle streams for user-defined triggers, and an overall increase in the size of the data flow.  Some of these modifications may require an additional 4-8 months for development and testing.

Physics Analyses


Over the next few years the ANL Neutrino Group will be heavily involved in a variety of physics analyses involving the NDOS, Far and Near detectors.  J. Paley is co-convener of the  CC analysis working group, responsible for NDOS  cross-section measurements and the  disappearance oscillation measurement.  Deliverables here include 2 NDOS-related Ph.D.’s and publications over the next two years, and publications of disappearance analysis results approximately every year beginning in summer of 2014.  S. Magill, Z. Djurcic and M. Sanchez are involved in the e CC analysis working group, responsible for the e appearance oscillation measurement.  Deliverables for that group also involve publications of analysis results approximately every year beginning in summer of 2014.  Finally, J. Paley is finalizing an analysis of hadron production data collected in the MIPP experiment, and expects to publish a result in late 2014 on pion production off of the NuMI LE target.  These data will greatly reduce systematic uncertainties due to hadron production for the NDOS measurements as well as expected NOvA ND cross-section measurements in the future.  MINOS, MINERvA, ArgoNeut and MINOS+ will also greatly benefit from this measurement.


The group is supporting Michigan State University graduate student Enrique Arrieta Diaz and J. Paley is mentoring him on the measurement of the  CC inclusive cross-section for neutrinos above ~1.5 GeV in the NDOS data.  This measurement is of interest because to date, only one other experiment has made this measurement, and it was made on deuterium whereas in NOvA the target nucleus is Carbon.  Furthermore, above 1.5 GeV, the neutrino spectrum is dominated by neutrinos born from K-decays, the absolute normalization of which is very poorly known.


S. Magill plans to work with ANL postdoc Himansu Sahoo to develop a full particle-ID analysis for NOvA events based on the use of the H-Matrix to identify electrons.  Figure 13 shows the π0 rejection capabilities of the H-Matrix based on single-particle MC.  Sahoo is currently testing this approach on complex neutrino interactions.  Use of the H-Matrix to identify electrons will require an improved hit reconstruction package based on simulation studies and an efficient hit cluster algorithm to form candidate shower objects for testing with the H-Matrix.  Also, a related effort is to push for an electron test beam program for NOvA - the H-Matrix can be generated with test beam data, with no reliance on MC simulations.
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Figure 13: H-Matrix π0 rejection capability for simulated single-particles of π0's and electrons.  The transverse shower profiles provide the best separation capabilities.
The effort by Sahoo and Magill is part of the e CC analysis working group, which will make the e appearance measurement that is sensitive to the mass-hierarchy, CP violation and the octant of (23.  Over the next few years, the ANL Neutrino Group will be very focused on this analysis. Figure 14 shows the early reach of the e analysis in NOvA; taking into account expected ramp-up times for beam intensity and available detector mass, we expect to reach 5( significance of e appearance within the first year of data collection.  The plots in Figure 15 show the significance with which NOvA can determine the mass-hierarchy, CP violation and the (23 octant using the latest offline reconstruction and analysis software.
[image: image12.png]NOvA early reach
sin26,,=0.095, sin20,,=1.00, 5=0 Mar 2013 version
T T

-- AmP<0
—Am*>0

: coﬂ‘“‘“ed

significance of v, appearance (o)

Jul3 Jan'14 Jul'14

Jan'ts  Jult5  Jan'16




Figure 14: NOvA early reach for e appearance, taking into account expected beam intensity and detector mass as a function of time.
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Figure 15: Significance of determination of neutrino mass-hierarchy (top), CP violation (middle) and the (23 octant (bottom) from the e analysis.  Plots on the left represent 1 year of running in neutrino-mode and 1 year of running in anti-neutrino mode.  Plots on the right represent 3 years of each mode. 

In order to determine the octant of the (23 mixing angle, a precise value of sin22(23 must first be determined independently from the e appearance analysis. NOvA is capable of this separate measurement using  disappearance, and J. Paley is a convener of the CC analysis working group responsible for this measurement. Figure 16 shows the expected sensitivity of NOvA’s measurement using the latest reconstruction and analysis software.  We expect to be able to match the current world’s best measurement of sin22(23 after about the first year of data.
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Figure 16: NOvA's sensitivity to sin22(23 via the disappearance measurement.  Left: Ultimate sensitivity after 6 years of operation, broken down by the type of neutrino interaction for maximal mixing.  Right: Sensitivity of the measurement of sin22(23 for two different possible values of (23, for 2, 6 and 10 years of data collection.
Figure 16 demonstrates the importance of the CC QE sample to the  disappearance analysis.  Although the rate of these interactions is lower than non-QE interactions, the energy resolution of these events is much greater and therefore they have a significant impact on the oscillation measurement.  The energy resolution of these events is dominated by the reconstructed energy resolution of the outgoing muon.  The current reconstruction algorithm only makes use of track-length.  ANL postdoc Louise Suter will work with J. Paley to develop a Kalman filter-based reconstruction that will take into account multiple-scattering and measured dE/dx to improve the energy resolution of these events.
Both the e appearance and  disappearance measurements require an extrapolation of the measured neutrino energy spectrum from the Near Detector to the Far Detector.  Understanding the systematic uncertainties of this extrapolation is critical.  J. Paley plans to conduct detailed studies of the impact of neutrino interaction pileup in the Near Detector on the reconstructed energy spectrum using MC simulations and low intensity data.  Z. Djurcic will lead efforts to develop Near-to-Far extrapolation techniques, and to use the measured Near Detector energy spectrum to constrain the prediction of beam e and NC π0 events.  He had previously pioneered the efforts to understand the NuMI off-axis spectrum using events in the MiniBooNE detector.  He also plans to investigate the possibility of combining MiniBooNE and NOvA data to provide independent information on short-baseline anomalies over the next several years.  M. Goodman and ANL postdoc Lisa Goodenough will continue their studies of the impact of cosmic-ray induced backgrounds in the surface Far Detector on the e appearance measurement.
Finally, members of the NOvA collaboration from ANL are well positioned to participate in the exotics group.  We have extensive experience in using detectors such as Soudan 2, MINOS, MiniBooNE and others to search for phenomena outside the main scope of the experiment.  This includes ideas to use the NOvA detectors to possibly detect Supernova bursts, to use the far detector to search for magnetic monopoles, to use the near detector to search for dark photons, and to study a variety of cosmic ray phenomena such as multiple muon showers with new capabilities.
2.B.
LBNE plans for the next three years

Overview


The 2008 P5 report, which cemented our use of the nomenclature, Intensity Frontier, Cosmic Frontier and Energy Frontier to describe particle physics, recommended a “world-class neutrino program as a core component of the U.S. program, with the long-term vision of a large detector in the proposed DUSEL laboratory, and a high-intensity neutrino source at Fermilab.”  This represented a shift of facility investment in the U.S. from collider physics to a reliance on a long-baseline neutrino program.  In a limited but real sense, that shift started with work at ANL in the 1980’s.  Currently, the LBNE program is poised to answer most of the unanswered questions within the three-neutrino paradigm.  And if the resources can be found to place LBNE underground at the Sanford Underground Research Facility (SURF), there are a large number of other fundamental physics issues that can be addressed.


Our plans for LBNE at Argonne are to continue the development of the collaboration to achieve a world class experiment, to help develop the required physics case and simultaneously optimize the experiment’s capabilities, and to participate on hardware projects that help LBNE achieve its goals in a cost-effective way.  We have identified roles in the photon counter system, which are crucial to effectively operating a slow drift chamber on the surface without backgrounds, and we will help in the development of liquid Argon technology by participating in the 35-Ton prototype at Fermilab, and subsequent prototypes.  

Continued Development of the Collaboration


The continued expansion of the collaboration and the specific interest in internationalization will put a certain onus on the senior members of the collaboration, including the Deputy Spokesperson.  Negotiations are in progress at various stages with colleagues in Europe, South America, India, Canada and Japan.  As a result, it is desirable to have senior participation in a variety of international conferences, and each country provides a unique set of issues and concerns.  At the same time, we want to build the collaboration in a way that is fair to the existing members and institutions.  This adds diplomacy to the usual needed physicist skill set of hardware, software, and management. Members of the ANL Neutrino Group have close contacts with physicists in France, Russia, Germany, Spain, Brazil, Romania, Venezuela, the United Kingdom and India.  We will use those contacts to help internationalize LBNE and expand its capabilities.

Photon detection system front-end electronics design and implementation


The current planning for the photon detection (PD) system of the Long-Baseline Neutrino Experiment (LBNE) uses acrylic light-guides with attached photo-sensors. Silicon photo-multipliers (SiPMs) are currently being considered as candidate photo-sensors for the system. Testing of devices from different manufacturers is in progress.  A wavelength-shifting coating on the light guides efficiently converts the liquid argon scintillation photon wavelength from 128 nm to 430 nm where the SiPMs are most sensitive. One issue currently under study is the conversion efficiency of the wavelength shifter bars which ultimately translates into the signal intensity. Currently a few percent of the converted photons incident on a light guide are then received by a SiPM, which then converts it to a fast charge pulse.  In the current plan, the signals will be routed out of the cryostat on cables to the readout electronics.  The front-end electronics (FEE) resides outside the cryostat, and receives and processes the signal from the SiPM for readout by the LBNE data acquisition (DAQ) system.  


The Neutrino Group at Argonne National Laboratory, in conjunction with the ANL HEP Electronics Support Group, took responsibility for designing and building the readout electronics for the LBNE Photon Detector electronics.  

Current effort concerns the PD development, leading up to CD2 approval.  The work has three phases.  In the first phase, we will support the current detector prototyping and design effort that is currently in progress at Indiana University (IU) and elsewhere.  Results from the measurements with PD assemblies and PD front-end electronics (FEE) components will be used to understand each component of the system, demonstrate the functionality of the PD, benchmark simulations, and determine how the PD system should be optimized. This work would lead to tests of the PD in the Liquid Argon Purity Demonstrator (LAPD) at Fermilab, which is the second phase.  We will use the electronics developed in the initial R&D for this test.  The third phase is to provide electronics and support for tests of the PD in the 35-Ton prototype.  In this phase, we intend to use the front-end boards developed for the detector R&D and the LAPD tests, but a goal here is to begin to interface to the data acquisition (DAQ) system.  This work would consist of the design, building, testing, integration, and support of the PD electronics for LBNE.


An early goal of the R&D is to specify the requirements for the PD electronics.  Specification for some requirements will need close work with other PD R&D efforts.  The primary focus of the detector R&D is to test the use of silicon photomultipliers (SiPMs).  We currently assume that this is the technology choice for the PD that will be adopted.  One key open question is whether there is a need to have front-end electronics in the cold volume.  In preliminary discussions, the PD group would like to focus the R&D on achieving no electronics in the cold volume, i.e. all electronics would be outside of the cryostat.  This is a great simplification, and makes the electronics R&D straight-forward.  However, it must be proven that this will work satisfactorily and that there are no major issues.  This question needs to be answered very early in the work.  Should it be determined that there is a need for the electronics to reside in the cryostat, then the research plan would have to be modified, since the scope of the work in that case would be quite different.

Photon detection system calibration


The project initially concerns the development of a prototype system for calibrating the photon detection system. The work to be completed in the next year will be to demonstrate a “proof-of-principle” light calibration system.  The goal of the calibration system is to measure properties of the LBNE light collection system, including: the time offset (t0) for each channel; the timing resolution of the measurement system; and the channel-to-channel gains of the photo-sensor with the readout electronics.  Our approach for the calibration system is as follows:  The calibration system will use a light source (either an LED or a small laser) having a constant pulse width comparable to the time resolution of the light collection system.  The intensity of the light will be controlled using a filter wheel containing different values of neutral density filters covering four orders of magnitude in output light intensity.  The wheel is operated by a stepper motor.  The light will be fed through the Liquid Argon (LAr) volume of the detector using optical fibers.  The volume is viewed by a photon detection system setup consisting of a light collection paddle and a silicon photo-multiplier (SiPM) photo-sensor, configured with front-end instrumentation and digitization, and read out using a data acquisition (DAQ) system.  Ultimately in the 35-Ton prototype and beyond, the end of an optical fiber would illuminate the LAr volume with the light collection modules positioned within the anode planes. 

After the proof-of-principle demonstration of the viability of this approach for calibrating the light detection system, the final system will be constructed. The final system, to be developed after the initial development phase, would be permanently installed in the detector and remotely controlled to provide periodic calibration data to monitor the light collection response. 


To carry out the task described above, ANL will provide the capabilities and expertise of the ANL HEP Electronics Support Group, consisting of a lead engineer, digital and analog engineers from the group as needed, and technical assistants, CAD layout capability, and technician support.  ANL will also provide a staff physicist (ZD) as the lead physicist at ANL, and a post doc.

Laser Calibration

In addition to the task described above, we are developing plans for a laser calibration of the TPC and the potential use of an intense laser for a simultaneous calibration of charge and light collection. 


An intense Nd:YAG laser with the wavelength of 266 nm may be used to produce well defined muon-like ionization tracks in the LAr TPC. This data then may be used to calibrate LAr TPC’s parameters, including t0, electron drift velocity, E-field uniformity, detector intrinsic energy resolution, space resolution, and to monitor the LAr purity, i.e. to measure the electron-lifetime.



These ideas were presented at two workshops the LANL group organized in connection to construction of so-called CAPTAIN LAr TPC. At ANL we secured a recycled Nd:YAG laser currently being tested for the purpose of supporting the laser calibration program, in collaboration with the LANL LAr group.

 Involvement with the 35-Ton prototype


The 35-Ton prototype, which is being assembled at Fermilab, will provide an opportunity to test hardware components for LBNE.  For example, it will be an opportunity to test components of the photon counters (mentioned above) in a liquid Argon environment.  It is convenient for Argonne physicists to participate in activities at Fermilab without travel costs.  We are already participating in the weekly phone calls and expect to find significant ways to get involved as those activities continue.

Consideration of cryogenic testing facility


The successful construction of a large liquid argon detector will involve many issues of cryogenic technology.  A number of cryostats for LBNE tests are being made at Los Alamos, Fermilab, and elsewhere.  We will evaluate the possibility of an additional test facility at Argonne, for material tests, cleanliness and low temperature performance, and either construct such a facility if it seems advisable, or participate in tests at other facilities, if that is more appropriate and cost effective.

Software efforts


LBNE sensitivities so far have been evaluated with the GLOBES program which is based on parameterizations of detector performance.  Further progress requires the development of complete pattern recognition programs.  This is difficult, in part, because of the rich amount of information available in a high resolution time projection chamber.  The framework for the development of future LBNE software is known as LArSoft.  At ANL, we intend to develop programs for neutrino event interaction reconstruction and identification using the LArSoft framework.  ANL physicists will work to develop a Kalman-based track reconstruction algorithm.  This is the tracking algorithm which has been successfully used for MINOS and is being used for NOvA muon tracking.  


The number of neutrino events at the LBNE far detector will not be huge.  It would easily be feasible to visually scan all of the far detector events.  A difficulty in using this method for serious analysis is that it is less feasible to visually scan large amounts of different categories of Monte Carlo events, usually useful for a number of aspects of the analysis.  Nevertheless, scanning is crucial for the development of effective software.  At ANL, we plan to establish some scanning stations and to use it to test some of the software tools that will be developed by others in the LBNE collaboration.

One analysis in particular that is in need of a full Monte Carlo simulation is the analysis of potential backgrounds from cosmic rays at the surface.  Argonne has already worked with the cosmogenics group to analyze single particle distributions using existing Monte Carlo tools to estimate the rate that muons create nearby electromagnetic showers that might mimic beam electron neutrino events.  This needs to be repeated using a full simulation and analysis chain.


Of particular interest for the cosmic ray background issues is a simulation package for the photon detector systems which promptly detect scintillation light in the liquid Argon.  Argonne will be working on possible alternative designs for the photon counters, but also designing the electronics.  Significant simulation efforts will be required both to improve the designs and also to estimate the physics performance.


There will also need to be simulations and analysis of data collected with the 35-Ton prototype liquid argon detector.  We will test the cosmic background event rejection algorithms developed using MC on actual data collected from the 35-Ton prototype.  Useful data are expected in late 2014.

Maintain Flexibility


On a project with as long as time scale as LBNE, it is reasonable to consider various possibilities for its future course.  Three such scenarios include:

1. Development of the 10 kiloton design as made in CD1,
2. Development of a possibly larger detector underground at SURF,
3. Working towards the goals of LBNE but with a slower schedule due to possible budget shortages.


Already, the 2014 President’s budget puts LBNE off the funding profile and hence the schedule envisioned four months ago at the time of CD1.  The Snowmass process has elicited a large number of creative ideas for neutrino experiments which are viewed by some as alternatives to LBNE and by others as additions to the program but competitors for funding.  At the moment, it is hard to envision any direction different from LBNE for the US Intensity program that will answer the key questions of our field in a less expensive or faster way.  We will always keep our eyes open for better opportunities, but our plan for the next three years and beyond is to focus our attention on the challenges and opportunities of the current LBNE collaboration and experiment and to work to make it better.

2.C.
Muon g-2: Research plan (next 3 years)

Overview Muon g-2


The g-2 project is currently in the design phase and is approaching its CD-1 review in the summer of 2013.  Figure 17 shows an overall timeline of the g-2 project with selected activities. The upper half shows some general project related milestones whereas the red tasks below involve Argonne personnel. 
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Figure 17: Tentative timeline of selected activities for the g-2 project (black task labels in the upper half) and activities with Argonne’s involvement (red task labels). Blue arrows indicate dependencies of tasks.

The construction of the new building for the experiment has started and is expected to finish by early 2014. The contract for moving the superconducting coils from Brookhaven to Fermilab in summer 2013 has been awarded. Together with the construction of the cryogenic plant, we expect first operation of the storage magnet by fall 2014. This sets the timeline for the possible beginning of the shimming of the storage magnet. This activity is crucial in achieving a very homogeneous magnetic field around the ring and is a key one to improve on some of the systematic errors in the new experiment. The shimming procedure will happen in many stages to iteratively increase the homogeneity and will require the in-vacuum trolley in a later stage. For that reason, many of the trolley related activities will happen very soon including the refurbishment, mechanical and electronics upgrades and extensive studies of systematic error sources in a dedicated solenoid magnet. 


Since the main data taking for g-2 is currently scheduled to start in early 2016, the overall timeline for the slow control development is slightly more relaxed compared to the NMR trolley. In the following sections, we will outline Argonne’s plan and research activities for these two categories. 

Scientific Research Program

Trolley upgrade and measurements


As mentioned in the progress report, many activities for the design and implementation phase of the g-2 project related to the in-vacuum trolley have been specified and leave Argonne with a major responsibility for their execution. A major milestone in our program will be the shipping of a large-bore solenoid magnet from LANL to FNAL in 2013. This magnet has a very homogeneous and time-stable field and its side view is schematically shown in Figure 18.
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Figure 18: Side view of the solenoid test magnet.
The importance of this magnet is the possibility to carefully study the NMR frequency measurement with the trolley under well-known conditions ahead of the data taking periods. As can be seen in the figure, the large bore diameter allows for insertion of the trolley so that we can investigate the influence of a variety of systematic error sources extensively. Examples of these are temperature, voltage or threshold drifts that can pull the extracted NMR frequency at the tens of ppb level – relevant at the precision of the future g-2 experiment. Argonne will be the leader in accomplishing these studies over the course of 2014 and a few months into 2015. By that time, the first shimming stage will be completed and the vacuum chambers will be installed in the storage ring. Further shimming then involves the trolley to map the field around the ring inside the chambers. Hence, in 2015, the focus of the Argonne group will shift to this activity although we will already be participating in the initial shimming activities in fall 2014.


Besides these major activities that are important to achieve the overall precision goal on the magnetic field measurement, Argonne will lead the execution of the refurbishment and upgrades of the six categories described in the progress report. In order to get familiar with all the details of the trolley system and its components, Argonne scientists and other members of the magnetic field team will meet for several days at BNL in the summer 2013 together with former E821 system experts. During that visit, we will revive all components and investigate their overall status. In addition, we will learn how to operate each subsystem, how to communicate with them, and how to upload firmware to the microcontrollers. After that, we plan to ship components from BNL to FNAL and ANL so that we can start with the required refurbishment and upgrade actions. We will summarize the timeline for the activities for each category:

Trolley garage: The trolley garage’s mechanical integrity might not be sufficient for the entire data taking period. After its status has been inspected, we have allocated several weeks of mechanical engineering to design the necessary changes. These could range from anything between replacing the threaded rods, adding limit switches or implementing a switchyard solution. The design phase will be followed by a few weeks of a mechanical engineering assistant implementing the revised layout. We will then test and commission the fully refurbished garage at ANL and in the experimental hall at Fermilab. Since the garage is integrated into one of the vacuum chambers which require other work, we will have to coordinate these activities with collaborators over the course of the next 2 years. 

Trolley drive: The drive mechanism will be refurbished and we have allocated enough mechanical engineering resources for an upgrade of the motor to increase the speed of the trolley on its way back to the garage. In addition, a small change in existing optical rotary encoders monitoring the unwinding of the cable drums will be performed by ANL’s mechanical group. We will also refurbish the drive controller and possibly replace it with a modern system if necessary. Final commissioning will happen at the end of 2015 so that the changes to the drive have a non-critical timeline because it will neither be required for any of the early solenoid studies nor the initial shimming phase.

Trolley position measurement: To minimize systematic errors in the field mapping that arise from the coupling of the trolley’s position uncertainty to field gradients, we will have to improve on the position measurement compared to the BNL E821 experiment. Precision alignment of the trolley rails is the responsibility of our Brookhaven collaborators and will be key in controlling the transverse position uncertainty. Verification of the transverse movement of the trolley will be achieved by a combination of a precision survey with the help of Fermilab’s metrology department and by use of artificially introduced field gradients. Argonne will take the lead in developing the detailed steps and in coordinating the overall activities. The longitudinal position measurement in E821 was achieved by an indirect measure of the cable unwinding. We plan to refurbish a barcode reader onboard of the trolley to give a direct measure of the trolley’s position with respect to the vacuum chambers. Since the barcode reader adds additional electrical power consumption, we will also investigate if the heat dissipation via increase of the trolley’s emissivity can be increased. This will also improve the associated systematic error in the frequency measurement as the NMR frequency is temperature dependent. We have allocated several weeks of combined electronics and mechanical engineering resources for these tasks. We plan to start on these activities as soon as the trolley is available at Argonne.
Trolley probes: As mentioned in the progress report, the work scope for the probes is expected to be limited to refurbishing, i.e. refilling of the active volume with water and retuning of the probes Q value and impedance. Since collaborators of the University of Washington will do the same for the fixed probes, we will simply have them also take care of the trolley probes.
Trolley electronics: The electronics of the trolley is a fully integrated system and its development has taken many years of development since it needs to be optimized for low power, non-magnetic materials and low noise. Changes to the electronics would come with the risk of serious damage and must be avoided. No major activities are therefore planned unless really required by unforeseen circumstances.
Trolley DAQ: The communication with the trolley is facilitated by a single RS232 communication via one of the two pulling cables. Argonne will develop an appropriate computer and software to establish the communication, and compile and upload the firmware to the integrated microcontroller. The same computer will also serve as the controller for the drive and garage mechanisms. We plan accordingly to have the basic DAQ ready by the time we start the extensive studies with the trolley in the test solenoid.

Slow control


The conceptual design of the slow control has been established and is shown in Figure 19.  Wherever possible, we will be using the MIDAS slow control bus (MSCB) for the hardware nodes as it nicely integrates into the used MIDAS software. 
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Figure 19: General slow control layout with main backend server controlling the MSCB nodes and other non-MSCB devices. Readout data will be stored in a database on remote Fermilab servers. A standalone alarm system will handle interlocks of systems. 
Argonne is now starting to test the proposed concepts. An available standard desktop computer is serving as the backend during the development phase. We have purchased a central MSCB SCS2000 unit as shown in the left panel Figure 20. This hardware developed at the Paul Scherrer Institute is ideally suited for the MIDAS data acquisition software which is the standard for the g-2 experiment. The SCS2000 unit has 8 available slots for different daughter cards (examples are shown in the right panel of Figure 20). We have ordered an AD590-based temperature card and a general I/O card. Over the summer, we will test the full chain from backend, SCS200 unit to temperature sensor, implement the necessary frontends and verify that this system meets the requirements. In the future, collaborators can then develop their own MSCB compatible sensors and control units which can be easily added. While the initial development of the system will be the main task of a SULI summer student in 2013, we will continue this development over the course of the next 2.5 years at Argonne. At some point we will purchase a new backend computer that will be sufficient to last the full data taking of g-2. We are also responsible in acquiring additional information from other systems such as the Fermilab accelerator and the cryogenic and vacuum systems control. We have started communication with Fermilab experts and will use their help in designing the appropriate software interfaces. Storage of the slow control data in a SQL database will be achieved by using the integrated SQL capabilities of MIDAS and using existing tools from Fermilab to synchronize with their remote database storage. For the development of the standalone alarm system, we have been allocated some resources of the electronics group. As the system is based on a relatively simple design using relays to switch detector interlocks, it is not a major task. Overall, the slow control can be implemented within the overall timeline of the g-2 project and be ready for commissioning in 2015.
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Figure 20: Left panel: MIDAS slow control bus SCS2000 master unit. Right panel: Some of the available SCS2000 daughter cards with a multitude of different slow control typical applications.  
Simulation and analysis

Simulation


Continuing the efforts on the integration of the full GEANT4 simulation into the ART framework, Argonne will remain part of the core developer group over the next year(s). We still have a few main improvements in mind before the simulation package will be used to run the complete set of simulation applications required for the g-2 experiment. Over the course of the next months, Argonne will shift its focus and take on some execution of specific simulation studies relevant for g-2. In addition, we will investigate the feasibility of running this code on a high performance computing cluster which would benefit the full simulation of about 10 billion stored muons. We already have a similar thrust at Argonne led by Tom LeCompte for the ATLAS simulation software and g-2 will profit from their experience.
Field analysis


Since Argonne has a lead role on the trolley system, it is natural that we will also become a major analysis center for the field measurement. Over the next year, we will develop a set of tools relevant for the magnetic shimming and field measurement activities. The design of analysis tools to extract the field maps from the trolley and the fixed probes will be based on the ART framework to be maximally compatible with other analysis developments in g-2. In a first step, we will come up with the general outline of relevant software tools in close collaboration with collaborators on the magnetic field team. Then, we will implement the actual analysis algorithms to combine the trolley data points into a magnetic field map averaged over azimuth, correct for drifts over the run, interpolate with the fixed probe measurements and other tasks. Since the fixed probes might also be fully digitized in E989, we will establish additional new analysis routines to perform fitting of the full NMR waveform and line shape analysis. All these tools will then be partially applied during the shimming activities and in full during the data taking and the subsequent offline analysis. 
Scientific resources


The muon precision activities within the HEP division at Argonne have only been established very recently with the hire of Peter Winter (Assistant physicist) and are currently focused on the muon g-2 experiment. The above listed activities around the in-vacuum NMR trolley system and the slow controls will be lead overall by Peter Winter but will require additional resources for a successful execution of the plan. We will have the additional personnel involved in this program:

· Joe Grange: The HEP division has made an official offer to Joe who will join as a post-doc in June 2013. He will take the lead on the trolley related activities and perform the extensive studies of the trolley in the test solenoid to establish many of the systematic errors ahead of the real data taking. In close collaboration with Fermilab, Joe will also play a major role in the shimming activities which are crucial to achieve the ambitious goal of 70 ppb precision in the field measurement. 

· Victor Guarino: As the head of the mechanical engineering group within HEP, Vic and his group will perform several of the mechanical upgrades to the trolley system. Necessary time and material resources have been estimated and will be paid by the g-2 project.

· Gary Drake: The electronics group lead by Gary will help us in the design of the alarm system and the upgrade of the barcode reader. Similar to the mechanical resources, those activities will be on project and have been included in the costing for the upcoming CD-1 review.

· Joseph Nash: In June and July of 2013, we have Joe as a SULI summer student at ANL. He will specifically work on establishing the slow control software framework and integrate a SCS2000 unit with some sensor cards that we have purchased ahead of his arrival.

Besides these known resources, we hope that the new muon research at ANL attracts additional scientists from within the division which will help to strengthen our overall role in the g-2 project in the future.


2.D.
Mu2e: Research plan (next 3 years)

Overview Mu2e

Lepton flavor violation has been observed in form of neutrino oscillations. However, a Standard Model extension including neutrino masses can only accommodate an unobservable rate of charged lepton flavor violation (CLFV) of less than 10-50. This opens a large window for the search for new physics beyond the Standard Model by searching for CLFV processes. The second lepton generation, the muon, is a prominent candidate via the three main channels: + e++ e+ e- e+ and - e- N. 


The Mu2e experiment [1] at Fermilab will improve the former SINDRUM II limits on the muon-to-electron conversion in the field of a nucleus by several orders of magnitude. The proposed branching ratio sensitivity goal is to be lower than 10-16. At this new level of sensitivity, backgrounds from muon (and pion) nuclear capture processes will pose a significant challenge and must be well understood. This is similarly valid for the COMET experiment [2] at J-PARC aiming for the same sensitivity. 


A joint proposal [3] on behalf of both the Mu2e and COMET collaborations has been successfully submitted to the Paul Scherrer Institute, Switzerland, to request beamtime for a precise measurement of muon capture reactions in the future experiments’ target material. The proposal was granted 4 weeks of beamtime in 2013 and possibly additional 4 weeks in 2014 to accomplish the staged research program. 


The initial data taking will focus on measuring the emission of low energy charged particles, mainly protons, which contribute a significant background dominating the single-hit rates in the tracking chambers of both experiments Mu2e and COMET. Since data on these processes is scarce, a precise measurement of the emitted charged particles’ energy spectrum will be an important input in the design of the experiments. In later stages, measurements of neutron emission after muon capture will be measured at energies below 10 MeV. The knowledge of this process is relevant as these neutrons provide another source of backgrounds in the detectors and veto counters and can cause radiation damage to the electronics.

Scientific Research 

At this moment, Argonne is not yet directly involved in the Mu2e experiment. We have invited Jim Miller, co-spokesperson of Mu2e, who will visit Argonne in June in order to present the current status of Mu2e and to discuss possible opportunities for an involvement of the HEP division within this future important experiment. While we are exploring possibilities to join the Mu2e collaboration in the near future, we will provide an important contribution via our planned participation in the measurements of the muon capture processes on the Mu2e and COMET target materials.
Measurement of muon capture processes at PSI (AlCap collaboration)


As outlined above, the AlCap collaboration has successfully submitted a proposal to PSI to measure the charged particle and neutron spectra after muon capture in target materials used by Mu2e and COMET. These measurements will provide invaluable information to understand significant background sources and will help to optimize the design to mitigate these. Argonne has joined this effort since Peter Winter has former expertise with similar measurements at PSI. We will take a lead on the later neutron measurements as well as the DAQ during data taking.

The first and approved beam time in December 2013 will focus on the measurement of the proton spectrum and employ an improved setup from an initial test run in 2009 (including participation of Peter Winter). The relatively simple system shown in Figure 21 incorporates a thin stopping target (25 to 100 m of Al or Ti), and a set of a thin and thick silicon detectors for dE-E measurements and scintillator detectors as well as a Germanium detector for absolute muon stop calibration.
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Figure 21: Left panel: CAD layout of the stage 1 setup. Right panel: Picture of vacuum vessel with detectors.
A later stage in 2014 will focus on the measurement of the neutron spectrum. Currently, we are evaluating the possibility of a neutron time-of-flight measurement and alternatively the usage of neutron spectrum unfolding techniques [4] to determine the energy spectrum. The neutron detectors employed will come from the University of Houston and the MuSun experiment at PSI. 


Argonne’s involvement will require some travel time (2-4 weeks in both 2013 and 2014) to participate in the setup and data taking periods at PSI and a few weeks for the subsequent analysis. We are not involved in directly providing any materials or detectors as most of the equipment is already in part available at PSI and will be provided by other collaborators in the AlCap collaboration.
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3. Support and Infrastructure


The ANL High Energy Physics Division takes advantage of skilled technical expertise throughout the laboratory.   The secretarial staff, computer support and mechanical and electrical groups all play a crucial role in the support of our current and future projects for the Intensity Frontier.  The development of new detection techniques makes use of the multi-disciplinary nature of the laboratory.  Several specific facilities are listed here.

· 
Industrial building 366, a 23,000 sq. ft. high bay, 35 ton crane equipped, unique assembly area for large construction projects.  CDF, ZEUS, MINOS and ATLAS modules as well as moving systems for ATLAS were built here. Recently the full prototype of a 56x56ft NOνA module was assembled here.  The Argonne laboratory provides and maintains this space.

· 
There is a mechanical design group within the Division, with two mechanical engineers, typically supported by project funds. We also have access to a lab wide engineering group in case more effort is needed.

· 
The Division is the home of the electronics group with a total staff of ~9 engineers, designers and technicians who support all Argonne divisions.  This group designs, builds, and maintains electronics associated with detectors provided by the Division for experiments. Typically at least 3-4 members of that group work on HEP activities.

· 
Machine shop including 2D CNC machining capability (plus machinist) in the large assembly building, plus two smaller machine shops.  We also have access to the large Central Shop maintained by the laboratory where a full range of machining capabilities is available including multi-axis CNC, EDM, welding, and precision inspection instrumentation.

· Cosmic ray test stand and optical research lab in HEP Building 362.

· 
Three Atomic Layer Deposition systems in the Energy Systems Division: a Beneq reactor, a Large Substrate Reactor (LSR), and a tube reactor.  The latter is only for 33mm disks.  The Beneq and LSR systems are for 8" plates.

· 
Plasma Atomic Layer Deposition Reactor in Energy System Division used for superconducting cavity development.

· Access to the Argonne Electron Microscopy Center, and a variety of surface analysis tools such as Low Energy Electron Diffraction, X-ray Photoelectron Spectroscopy, and Ultra-Violet Photoelectron Spectroscopy.

· Access to the Argonne Glass Shop run by a 4th generation scientific glass blower with 45 years of experience.

· Access to the IBM Blue Gene Q supercomputing capabilities within the Argonne Leadership Computing Facility.
· High bandwidth electo-optical test stands with capabilities to test up to 11 Gb/s links. Bit Error Rate (BER) measurement facilities, motorized 2D stage for optical alignment, CW laser sources (650nm, 850 nm, 960nm, 1490nm, 1550nm), high speed receivers (10 Gb/s), optical power meters, Lens systems and alignment facilities.
· Thin film synthesis tools, including two 5-targets sputtering systems (AJA, direct and con-focal gun configurations) to synthesize superconducting and thin films and heterostructures. The con-focal deposition system is dedicated for synthesis of superconducting films only, and provides film thickness uniformity of ~2% across the 6” wafer.

· 
Clean Rooms (Class 1000) equipped with microfabrication tools, including 100-kV electron-beam lithography (JEOL 9300 FS), 30-kV  electron-beam lithography (Raith 150), focused ion beam/scanning electron microscopy (FEI Nova  600 NanoLab Dual Beam, Step-and-repeat nanoimprint (Nanonex NX-3000), and Optical mask aligner (Karl Suss MA6), Reactive-ion etch (RIE) station for high resolution anisotropic etching of silicon, silicon dioxide, silicon nitride with a high degree of selectivity, anisotropic etching of refractory metals and removal of organic residue (uses CHF3, SF6, CF4 gas chemistry), Inductive coupled plasma reactive ion etching chlorine chamber (Cl2, SF6, BCl3, HBr, CHF3, CO, O2, Ar) (Oxford Instruments Plasmalab 100); Reactive ion etching fluorine chamber (SF6, CF4, CH4, CHF3, HCFC-124, H2, O2, Ar) (Oxford Instruments Plasmalab 100); Table-top reactive ion etching chlorine chamber (Cl2, CH4, H2, O2, Ar) (March Plasma); Table- top reactive ion etching fluorine chamber (SF6, CF4, H2, O2, Ar) (March Plasma); Table-top reactive ion etcher (CF, SF6, Ar, O2) (Plasma Sciences 600); Barrel asher system (Ar, N2, O2) (PlasmaTherm), Wet  Wafer Processing tools, including, Wafer rinse dryer tool (2-, 4-, and 6-inch), Electroforming (Au, Cu, Ni, Pt), Silicon anisotropic etching, membrane fabrication and wet etching.

· Metrological tools, including Optical microscopes (Olympus MX-61), Three-dimensional surface profilometer (Veeco Dektak 8), Profilometer (Tencor Alpha Step 500), and Reflectometer (Filmetrics); X-ray diffractometers and Atomic Force Microscopes for structure of the films and devices. The AFM system is equipped with Q-control module for enhanced sensitivity and has a vibration isolation enclosure, which helps to ensure that the system has a vertical noise resolution of less than 0.5 Angstrom.

· Conventional transport and magnetic characterization tools, including Physical Properties Measurements System (PPMS, Quantum Design) for measurements of magnetization, magnetic anisotropy, susceptibility and I-V four-probe transport measurements in temperatures 1.7K-400K, and magnetic fields up to 7 T, and Superconducting Quantum Interference Device (SQUID, Quantum Design) for high-sensitivity magnetization measurements at temperature range 1.7K - 350K, and magnetic fields up to 6 T.

· 
Photocathode electrical and optical characterization station for reflection, transmission and quantum efficiency measurement of various thin film materials, equipped with Newport 70511 Apex Monochromater Illuminator, Newport 74125 Oriel Cornerstone 260 1/4m monochromator, enclosed beam path, Si photodiode light detector, Femto DLPCA-200 Current amplifier, Keithley 2701 Ethernet Multimeter/Data Acquisition System and 6517B Electrometer/High Resistance Meter.

· 
VAC HE-43-6 DRI LAB glove box which provides a working area of inert atmosphere nearly free of moisture and oxygen, which permits handling of materials sensitive to moisture and oxygen contamination. The system consists of a gas delivery system, a hermetically sealed glove box, a side-mounted load-lock chamber and a full-view window.
4. Broader Impacts
        The Argonne Neutrino Group has been involved with the development of the U.S. Intensity Frontier program since before its definition as such.  We participated in the early formulation of the long-baseline neutrino program and have been doing so since 1987.   We have helped to build the MINOS, NOvA, Double Chooz and LBNE collaborations and together with the new g-2 effort, are doing the same thing in muon physics.  We have worked with the local staff to foster good relations with the communities in Northern Minnesota and South Dakota, as well as the Chooz region of France.

        The group helps service the worldwide neutrino community in a number of ways.  The neutrino oscillation industry web page (http://www.neutrinooscillation.org/) has been a convenient source of information for the neutrino community.  Eleven neutrino collaborations subscribe to bulletin updates of the neutrino jobs page.  Organizers of neutrino conferences submit information early to the neutrino meetings page.  The monthly “Long-Baseline Neutrino News” newsletter has 2000 opt-in subscribers.

        The neutrino group established a set of monthly meetings with Argonne and visiting theorists.  These started in April of 2011 and are scheduled through November of 2013, so far, with little overlap.  Every meeting has a slightly different format, but each meeting has been fruitful and the idea is being copied by other groups. 

        Argonne has hosted collaboration meetings for each of the four neutrino experiments on which we participate.  For LBNE, we provide the effective collaboration secretary, Raquel Young, who deals with collaboration meeting agendas, email lists, author lists, collaboration lists, etc.  Our group helps to organize workshops and conferences; Steve Magill is an organizer of CALOR, Maury Goodman has been on the program committee of the last three NUFACT workshops and edited two of the proceedings.  He is an organizer of ISOUP 2013 and was on the International Advisory Committee of Lepton-Photon 2011.   Mayly Sanchez helped to organize the 2010 Neutrino Summer School, and Zelimir Djurcic is organizing the neutrino oscillation session for this year’s WIPAC meeting.  Zelimir was also an organizer of the 2013 “Instrumentation Frontier Community Meeting” (CPAD) at Argonne, the 2011 Advances in Neutrino Technology meeting, in Philadelphia, and the 2011 Short-Baseline Neutrino Workshop at Fermilab.
        Particular mention is merited for our interactions with the international community.  All of the U.S. long-baseline experiments have some foreign collaborators.  Double Chooz includes groups from Japan and Brazil and throughout Europe.  Our group maintains close ties to the INO group in India.  Mayly Sanchez and Jon Paley have brought students to the U.S. from Venezuela and Mexico.  Jon Paley and Maury Goodman have had extended visits to Brazil, Jon with an award from American Physical Society and Maury as part of the Ciencia sem Fronteiras Program (Science without Borders).  The 2013 visit was used to help foster interest in the LBNE project with visits to GOIAS, UFABC, Campinas and CBPF.    

        In recent years, there has been a shift in emphasis from directed detector R&D to generic studies, but applications for neutrino detectors are still an important part of the equation.  Zelimir Djurcic was awarded an LDRD grant to study possible ways to use cell phone technology for wireless data readout of a large number of phototubes, and at the same time he studied possibilities for wireless power.  The results have been presented at IEEE conferences.  

The groups work with students; we currently have three graduate students and every summer we have students doing research through the Division of Educational Programs, and often during the spring and fall semesters.  We also mentor two or three High School Students from the Illinois Math and Science Academy each year.  Those talented students come every Wednesday during the school year for research.


The Argonne HEP Intensity Frontier Group was recently just neutrinos, but now has a component interested in muon physics as well.  The group’s main strength and impact comes in the research we do in neutrino and muon physics.  But the broader impacts that we have as part of numerous communities strengthens the field of high energy physics as well as other sciences and beyond.

5. Demographics & Funding

This documentation will be provided in a separate document.
6. Summary of Features of Intensity Frontier work at ANL


The issue of flavor physics, in particular issues related to neutrinos and leptons, are those which are largely motivating many of the projects of the Intensity Frontier.  In particular, great progress has been made in the last two decades in understanding the neutrino sector, and all three mixing angles as well as two oscillation frequencies have been measured.    Despite this recent and remarkable progress, the field of neutrino physics offers another remarkable opportunity, i.e. fundamental questions about the nature of matter that have definite answers can be answered in the next round of neutrino experiments.  These include the mass hierarchy, the quadrant of 23 and the value of the CP phase .  Other open questions include the overall mass scale and whether the nature of the neutrino is Dirac or Majorana.  Of course, these particular questions are being asked within the current three-neutrino paradigm, and it is reasonable to test that paradigm by measuring these and other parameters different ways.  Some of these questions may be addressed by cosmological experiments, so interactions with the new strong group at ANL in computational cosmology are crucial.


LBNE is viewed by many as the flagship experiment of the Intensity Frontier, which will provide the flagship new facilities for US High Energy Physics in the next decade.  The Argonne High Energy Physics Neutrino group is committed to making that experiment succeed.  At the same time, we will build on our accomplishments in studying neutrino properties in Soudan 2, MINOS and Double Chooz and bring those talents to bear to make NOvA as successful as possible.  An additional by-product of the intense beams required for the neutrino program is a muon program at Fermilab.  Through a new hire of Peter Winter, we have established a muon group at ANL and are expanding our capabilities to contribute to the world-leading intensity frontier program in the U.S.

The Neutrino/Muon Group


Through its promotion of neutrino programs at Fermilab and elsewhere, the ANL Neutrino group has been involved in the Intensity Frontier since long before there was an identified Intensity Frontier.  From our work on atmospheric neutrinos in Soudan 2 through the planning for LBNE, we have evolved from a PDK group in the 80’s, and now are expanding into muon physics as well.  The concepts that make up the current worldwide long-baseline neutrino program were formulated at the ANL sponsored Long-Baseline Neutrino Workshop in 1991.  The first beam design for a long-baseline beam from Fermilab to Soudan was supported by ANL LDRD funding.  We helped to develop the NOA concept and Detector.  The neutrino group also took the lead when it was clear that there should be a new generation of reactor neutrino experiments.  We helped to organize an International Working Group on Reactor neutrinos, sponsor a worldwide series of workshops, and produce a white paper on the opportunities to measure 13.  (http://arxiv.org/abs/hep-ex/0402041)


The current group has a great deal of experience in the worldwide neutrino program, and has been recognized by many invited talks at international conferences and the organization of neutrino workshops.

Accomplishments


Some of the highlights of our group’s accomplishments, which are found in the body of this report, are:

· MINOS, NOvA, LBNE & Double Chooz- ANL representatives on excoms,

· MINOS-Successful completion of ANL-conceived experiment after 26 years,

· MINOS-Sarah Budd convened calibration group, constants for energy scale,

· MINOS-World’s best measurement of m232 & hint 23 < 45(,

· MINOS-Best measurement of antineutrino oscillation parameters,

· MINOS-Mayly Sanchez led e appearance analysis,

· MINOS-Phil Schreiner Convener for non-beam physics,

· MINOS-Maury Goodman Institutional Board Chair,

· MINOS-ANL group improving charge ratio analysis,

· MINOS-Complementary oscillation analysis with Atmospheric neutrinos,

· Muon- ANL accepted in g-2 Collaboration,

· Muon- ANL design of the field trolley,

· Muon- Peter Winter Level 3 Manager for Slow Control,

· Muon- Implementation of full Geant 4 simulation of storage ring,

· Double Chooz- First reactor measurement of non-zero 13,

· Double Chooz- Maury Goodman edited 13 PRD,

· Double Chooz- ANL designed, built and commissioned z-axis calibration,

· Double Chooz- ANL designed & built articulated arm for calibration,

· Double Chooz- Zelimir Djurcic calculated neutron efficiency,

· Double Chooz- Zelimir Djurcic led calibration analysis,

· Double Chooz- Zelimir Djurcic wrote Reactor monitoring paper,

· Double Chooz- Lisa Goodenough calculated muon rates for background paper,

· NOvA- Richard Talaga Level 2 Manager for Extrusions and PVC,

· NOvA- ANL constructs NDOS, FHEP and other prototypes,

· NOvA- ANL solves several module production issues, 

· NOvA- Jon Paley coordinates databases,

· NOvA- Jon Paley develops DAQ Run Control,

· NOvA- Steve Magill responsible for DAQ Data Logger,

· NOvA- Steve Magill develops H-matrix for particle ID,
· NOvA- Jon Paley and Steve Magill are Run Coordinators,

· NOvA- Jon Paley Convener of  CC group

· NOvA- Mayly Sanchez Convener of e CC group

· LBNE- Maury Goodman Deputy Spokesperson

· LBNE- Jon Paley Level 3 Manager for Liquid Argon Veto

· LBNE- Contributions to TDR and CD1 documents and case studies

· LBNE- Collaborator recruitment

· LBNE- Contributions to Technology Choice and reconfiguration

· LBNE- Zelimir Djurcic and Gary Drake physicist/engineer for PD electronics

· LBNE- Jon Paley helps with PD mechanical design

· LBNE- ANL group calculated cosmic ray backgrounds

· LBNE- work on alternatives to cables and phototubes

· LBNE- Zelimir Djurcic develops idea for Laser Calibration

Moving Forward


While the recent history of the neutrino has dictated that we get involved in a variety of experiments underground, at accelerators and at reactors, the remaining questions make it prudent for us to focus our efforts.  We have chosen to concentrate our attention on NOA in the short term, and LBNE as our major long term project.   NOA is well positioned to measure the mass hierarchy for about half of parameter space, and LBNE is designed to guarantee a measurement of the mass hierarchy, for all values of .  This can be understood from Figure 22, which shows the e appearance oscillation probability for both neutrinos and antineutrinos in NOA (left) and LBNE (right).  
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Figure 22: The e appearance oscillation probability is plotted for NOA on the left and LBNE on the right.  The blue curve is the expected values for the normal hierarchy and the red curve is for the inverted hierarchy.  The ellipses sweep out the possible values for .  For NOA, there are some regions of ambiguity, but not for LBNE. 

Muon Physics Opportunities


The Intensity Frontier facilities at Fermilab offer the opportunity to work on new experiments involving muons that can address some of the most fundamental questions of physics, such as the possibility of supersymmetry and the search for lepton flavor violation.  By hiring a talented young physicist in this field, ANL plans to build a strong program that contributes to the Intensity Frontier beyond neutrino physics.

Summary


New Intensity Frontier Experiments at Fermilab, NOvA, LBNE, g-2 and m2e, are getting ready to answer some of the fundamental questions of particle physics left behind by the collider experiments.  Members of the ANL neutrino and muon groups have been working on these questions for years, and are ready to focus their experience and talents on the program ahead.

7. Curriculum Vitae & Research Summary
Zelimir Djurcic

Argonne National Laboratory

High Energy Physics Division

Lemont, IL, 60439

Phone:  630-252-7549

     Email: zdjurcic@anl.gov

A.
Employment

Assistant Physicist






Argonne National Laboratory
2009 – Current
B.
Education 

PhD - November 2004


University of Alabama
     
Prof. Andreas Piepke

C.
Significant Publications
1. Y. Abe et al. [Double Chooz Collaboration], ”Indication for the disappearance of reactor electron antineutrinos in the Double Chooz experiment, ” Phys. Rev. Lett. 108, 131801 (2012).

2. N. Ackerman et. al. [EXO Collaboration] “Observation of Two-Neutrino Double-Beta Decay in Xe-136 with EXO-200,'' Phys. Rev. Lett. 107, 212501 (2011), arXiv:1108.4193 [nucl-ex].

3. A. A. Aguilar-Arevalo et al. [MiniBooNE Collaboration], “Event Excess in the MiniBooNE Search for ν ̄μ → ν ̄e Oscillations,” Phys. Rev. Lett. 105, 181801 (2010), arXiv:1007.1150.

4. P. Adamson et al., ”First Measurement of νμ and νe Events in an Off-Axis Horn-Focused Neutrino Beam,” Phys. Rev. Lett. 102, 211801 (2009), arXiv:0809.2447.

5. Z. Djurcic et al., “Uncertainties in the Anti-neutrino Production at Nuclear Reactors,” J. Phys. G: Nucl. Part. Phys. 36, 045002 (2009), arXiv:0808.0747.

D.
Significant Leadership/Management Positions

· Double Chooz Calibration co-convener (2010-current).

· Double Chooz US-analysis co-coordinator (2011-current).

· Lead Investigator in “Development of Wireless Data and Power Transfer Techniques for Large Instrumentation System” LDRD R&D project (2010-current)

· PI in LBNE photo-detection calibration and electronics design effort (2013).

E.
Significant Positions Held in HEP Community

1. Organizing and convening the Accelerator-Based Neutrino Physics part of the IceCube Particle Astrophysics Symposium (IPA2013) in Madison, Wisconsin May 13-15, 2013.

2. Local Organizing Committee, ”Instrumentation Frontier Community Meeting” (CPAD) at Argonne National Laboratory, January 9-11, 2013.

3. Scientific Committee and Session Chair at Advances in Neutrino Technology Philadelphia, October 10-12, 2011.

4. Organizing Committee and Session Chair at Short-Baseline Neutrino Workshop at Fermilab, May 12-14, 2011.

F.
Mentoring

1. Guang Yang, graduate student appointed from IIT, analyzing Double Chooz data for PhD thesis (2012-current).

2. Himansu Sahoo, postdoc (2012-current).

Research Summary - Zelimir Djurcic

I. Current Activities

· I am currently involved in Double Chooz (30%), NOvA(25%), R&D/LBNE(35%) efforts, and other activities (10%). 

II. Current Roles

· Double Chooz: Calibration Group co-convener and Double Chooz US-analysis co-coordinator. Mentoring PhD student on Double Chooz research thesis.

· NOvA: Calculated fluxes and expected neutrino event rates in NOvA near and far detectors with different neutrino beams (NuMI and Booster neutrino beams at Fermilab); Started developing ideas on how to use the near detector to predict neutrino spectrum in the far detector of NOvA experiment; Incorporated Fermilab's Booster neutrino beam flux simulation into NOvA analysis framework; Developed a hardware prototype for scintillator leak tests of NOvA near and far detectors, resulting into the primary NOvA Far detector module leak-tester (completed later by Steve Magill); Used my participation in the MiniBooNE experiment to estimate cosmic muon background in NOvA far detector by analyzing MiniBooNE cosmic data and extrapolating to NOvA far detector case; Performed a sensitivity study of a short-baseline muon-antineutrino disappearance in a potential combined NOvA-NDOS and MiniBooNE experiment, for sterile neutrino searches.

· LBNE: Primary Investigator in LBNE photo-detection calibration and electronics design effort. Developing schemes for use of Nd:YAG laser in calibration of TPC (and potentially) photon-detection system. Consider tests in CAPTAIN, in collaboration with LANL group.

· R&D: Lead Investigator in “Development of Wireless Data and Power Transfer Techniques for Large   Instrumentation System” LDRD R&D project. In addition plan tests of LAPPD photo-sensors in a small water/liquid-scintillator detector at ANL. Potential use in Daya Bay II and EXO.

· Other activities: proposal reviewer (DOE’s CDRD, ADR, and SBIR proposals), journal referee (Phys. Lett. B, Rev.Sci.Instrum.), conference/workshop organization, participating in meetings and activities shaping the future of our field (IF meetings, Snowmass meetings, etc.), mentoring students and postdocs, giving talks at conferences/workshops.

III. Recent Accomplishments

· Double Chooz: Double Chooz delivered first results on non-zero value of the mixing angle θ13, to be later confirmed by Daya Bay and RENO experiments. This has very important implications towards long-baseline searches and neutrino mass measurements.

· Gave invited summary talk at APS 2013 meeting on “Theta-13 Measurements”.

· R&D: Completed the LDRD goals by building a fully wireless prototype of a PMT-based detector, as published in  P. De Lurgio et al.,”A Wireless Power and Data Acquisition System for Large Detectors”, proceedings of 2012 IEEE Nuclear Science Symposium and Medical Imaging Conference (2012 NSS/MIC).

· Managed to get more involved in NOvA. Working with two postdocs: Himansu Sahoo, and Ioana Anghel on νe appearance analysis (constraints of NC backgrounds, and beam νe’s). Also plan to leverage my expertise and achievement with the NuMI off-axis beam study at MiniBooNE and continue measuring the NuMI beam, by combining NOvA and MiniBooNE data. Improved understanding of these beams may be relevant for future steps in long-baseline oscillation physics.

· Started LBNE related activities on photon-detection system electronics design and calibration methods.

IV. Future Plans

· Plan is to reduce Double Chooz involvement and increase NOvA roles, as well as LBNE and R&D efforts. Beyond determination of mass hierarchy and CP-violation with neutrinos, Interested in next steps in Intensity Frontier such as measurement of neutrino-less double-beta decay, and tests of sterile neutrinos.
Maury Goodman

Argonne National Laboratory

High Energy Physics Division

Lemont, IL 60439
Phone:  630-252-3646
           Email:    maury.goodman@anl.gov

A.
Employment

Current - Neutrino Group Leader





Argonne National Laboratory
B.
Education 

PhD, 1979



University of Illinois-Urbana

Thesis Advisor -Al Wattenberg
C.
Significant Publications
1. P. Adamson et al., "Measurements of atmospheric neutrinos and antineutrinos in the MINOS far detector,"  Phys. Rev. D86. 052007.

2. Double Chooz Collaboration, “Reactor antineutrino disappearance in Double Chooz”, Phys. Rev. D 86, 052008 (2012).

3. Particle Data Group, “Review of Particle Physics”, Phys. Rev. D86 010001 (2012). Also 1998-2010.

4. LBNE collaboration, “Case Studies for Water Cherenkov and Liquid Argon Detectors, LBNE docdb-3600 & LBNE docdb 4342.

5. P. Schreiner, M. Goodman & J. Reichenbacher, “Interpretation of the Underground Muon Charge Ratio”, Astroparticle Physics, 32, 61-71,(2009).

D.
Significant Leadership/Management Positions

· Deputy Spokesman for LBNE collaboration (2010-2013).

· Fellow of the American Physical Society (2009).

· Co-spokesperson for US Double Chooz Collaboration (2006-2009).

· MINOS Executive Committee and Chairman of Institutional Board 1995-2011.

· NOvA Chairman of Speakers Committee 2009-2013.

· Visiting Scholar at the Federal University of Goais Brazil, Science without Borders, 2013-2015,

E.
Significant Positions Held in HEP Community

· International Advisory Committee for Neutrino 2008 & 2010.

· International Advisory Committee for Lepton/Photon 2011.

· Scientific Program Committee for Neutrino Factory Workshops; 2009, 2010, 2011, 2012, 2013.

· Organizing Committee for ISOUP 2013.

· Chairman of the Nominating Committee, APS Forum on Physics and Society, 2008-2011.

· Panel on University Early Career Awards, DOE 2013.

· Panel on Particle Astrophysics, NSF 2011.

F.
Mentoring

· Ph.D. student Aaron McGowan 2003-2007.

· Postdocs Sarah Budd, Xiaobo Huang, Michelangelo D’Agostino, Lisa Goodenough

Seven High School Students from the Illinois Math and Science Academy since 2007

Research Summary -Maury Goodman

I. Current Activities

· MINOS, NOvA, Double Chooz 4 months per year, LBNE 8 months per year

II. Current Roles

· MINOS and Double Chooz research will wind down in the next year.   As chair of the speaker’s committee on NOvA, a major goal is to make sure that NOvA is well represented at seminars, colloquia, workshops and meetings.  As the Deputy Spokesperson on LBNE, I am in charge of meeting agendas, collaboration lists, additions to the collaboration, and helping working group leaders to identify additional manpower resources in the collaboration.  As secretary of the executive committee, I help the spokespersons deal with all scientific issues.   There is also considerable responsibility to trying to attract international partners.  

III. Recent Accomplishments

· On MINOS, there has been significant additional neutrino and antineutrino running achieved, and the conclusion of the original MINOS running plan.  The anomaly in the antineutrino oscillation parameters was resolved.  The world’s best measurement of m232 was made with beam neutrinos and an even better measurement has been made with a joint fit to beam and atmospheric neutrinos and antineutrinos.  A non-zero best fit value of 13 was measured.  A software problem limiting the accuracy of the atmospheric muon charge ratio was identified.

· On Double Chooz, calibration deployment devices were constructed and deployed.  DC made the first non-zero reactor measurement of13 and is the only such experiment (so far) to fit the energy spectrum.

· The LBNE collaboration has weathered two significant decisions, a technology choice and reconfiguration, without the loss of any collaborators, and the collaboration continues to grow.  I continue the significant leadership of the collaboration for both administrative and scientific topics.  I have worked to attract international participation with colleagues in Brazil, India and the UK.

· For the Particle Data Group, I have worked to update the encoding and text to properly handle three neutrino mixing issues. 

IV. Future Plans

· For MINOS, a more accurate measurement of the atmospheric muon charge ratio will be made when the data is reprocessed.  Attention will also be paid to whether there is any additional power in the data related to the possible non-maximality of 23.  

· For NOvA, attention will be paid to measuring cosmic ray backgrounds to electron neutrino appearance.

· For Double Chooz, there will be a calibration campaign with the articulated arm.  I also plan to lead the writing of a paper on calibration hardware for reactor experiments.

· For LBNE, the major project as part of collaboration management is to continue to strengthen the experiment and the project.  A major goal is to try to attract additional international partners with significant in-kind resources that would allow the placement of the detector at SURF underground.  I am also looking at ways that other experiments have sensitivity to the neutrino mass hierarchy, and how LBNE’s sensitivity will be complementary to those other possible measurements.

· Overall, I will work to ensure that the ANL neutrino group is efficiently and effectively working to contribute to answering the open questions in the neutrino sector, and to maximize ANL Intensity Frontier work.

Stephen R. Magill

Argonne National Laboratory

High Energy Physics Division

Lemont, IL 60439

Phone:   630-252-5845

Email:  srm@anl.gov
A.
Employment

Physicist 






Argonne National Laboratory
1990 – Current

B.
Education 

PhD 1990


University of Illinois at Chicago

Advisor: Prof. Clive Halliwell
C.
Significant Publications
1. S. Magill, “Innovations in ILC detector design using a particle flow algorithm approach,” NewJ.Phys., 9, 409 (2007).
2. S. Chekanov et al., "Measurement of prompt photons with associated jets in photoproduction at HERA," Eur.Phys., C49, 511-522 (2007).
3. S. Chekanov et al., "Forward jet production in deep inelastic ep scattering and low-x parton dynamics at HERA," Phys.Lett., B632, 13-26 (2006).
4. M. Derrick et al., "Jet production in high Q**2 deep inelastic ep scattering at HERA," Z.Phys., C67, 81-92 (1995).
D.
Significant Leadership/Management Positions

· Run Coordinator NOvA Collaboration (2013)Position (year)

E.
Significant Positions Held in HEP Community

· International Advisory Committee, International Conference on Calorimetry in High Energy Physics (2006 - Current)
Research Summary – Stephen R. Magill

I. Current Activities

· NOvA Experiment (11 months), Calorimeter Detector R&D (1 month)
II. Current Roles

· NOvA 
Currently the Run Coordinator for NOvA detector commissioning and operations, manager of leak testing of constructed modules as part of detector Quality Control, contributing to physics analysis of oscillated neutrino events.
· Calorimeter R&D 
Member of a group with a CDRD grant for the development of a Dual Readout Crystal Calorimeter for future HEP experiments.  
III. Recent Accomplishments

· NOvA
Wrote final stage of DAQ software - DataLogger - which combines trigger information and data forming an event which is written to disk and which is streamed to shared memory for online monitoring.  Completed in 2010 - has been used to take data since.  Developed a standard design for fast leak testing of detector modules.  Delivered 3 versions of this device - a 30 channel module leak tester and an18 channel block leak tester to Ash River and a 12 channel leak tester to Fermilab - all produced by and tested at ANL.  Introduced an offline analysis algorithm based on hit correlations in electromagnetic showers to identify electrons from oscillated neutrinos.  This technique - called the H-Matrix, was used in the D0 experiment to identify photons.  In NOvA, this algorithm will be used to separate electron showers from neutral pion showers (background signal).  As NOvA Run Coordinator, have coordinated commissioning shifts, organized workshops and working group sessions for the commissioning process, and oversee current detector operations including the Far Detector and NDOS (near detector prototype).
· Calorimeter R&D
Modified an existing simulation package to produce dual readout of scintillation and Cerenkov light per cell in a simulated homogeneous crystal calorimeter.  Developed algorithms for dual readout corrections and analysis of simulated e+e- events.  Initiated exchange with material scientist on the use of Si nanoparticles for development of a thin-film UV photosensor - necessary for Cerenkov readout of the crystal calorimeter.
IV. Future Plans

· NOvA - Will continue to coordinate detector commissioning and operations. This includes coordinating commissioning shifts and developing tools for shifters to use in the evaluation of newly commissioned detector elements, as well as operations of the NDOS prototype and of commissioned parts of both the Near and Far Detectors.
· Calorimeter R&D - Proceeding with studies of the effect of Si nanoparticles on the wavelength response of existing photosensors.  If successful extension of the response into the UV range is achieved, development of a photodiode using the same principles will begin, leveraging resources from both ANL and the process developer. 
Jonathan M. Paley
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Argonne National Laboratory
12/2009 – Current

B.
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PhD 2004



Boston University

Advisor: B. Lee Roberts
C.
Significant Publications

1. P. Adamson et al., “Electron neutrino and antineutrino appearance in the full MINOS data sample,” Phys.Rev.Lett., accepted for publication (arXiv:1301.4581), 2013.

2. P. Adamson et al., “Measurement of atmospheric neutrinos and antineutrinos in the MINOS far detector,” Phys.Rev.D, Vol.86, No.5, 2012

3. P. Adamson et al., "An Improved measurement of muon antineutrino disappearance in MINOS," Phys.Rev.Lett.,108.191801, 2012
4. N. Graf, et al., “Charged kaon mass measurement using the Cherenkov effect,” Nucl.Instr.Methods.A, Vol.615, No.1, 2010

5. G. W. Bennet, et al., “An Improved Limit on the Muon Electric Dipole Moment”, Phys.Rev.D, Vol.80, No.5, 2009
D.
Significant Leadership/Management Positions

· NOvA Database Coordinator (2006-present)

· NOvA Run Coordinator (2010-12)

· NOvA numu CC Analysis Co-convener (2012-present)

· LBNE Level 3 Manager of LAr40 @ 800 Veto Subsystem (2010-11)

· MINOS Reconstruction Coordinator (2008-2010)

· MIPP Analysis Coordinator (2007-2009)

E.
Significant Positions Held in HEP Community

F.
Mentoring

· Louise Suter, Argonne National Laboratory postdoc, 2013-present
· Enrique Arrieta Diaz, Michigan State University, 2012-present Graduate Student
Research Summary – Jonathan M. Paley

I. Current Activities

· I am currently working 9.6 months per year of my time on the NOvA, and 1.8 months per year of my time on the LBNE, both long-baseline neutrino oscillation experiments in the Intensity Frontier.  The remainder of my time is spent on detector R&D for the Intensity Frontier, with a particular focus on LAr TPC technology.

II. Current Roles

· On the NOvA experiment, I am co-convener of the charged-current muon neutrino analysis group, responsible for the muon neutrino disappearance measurement that will result in a precise determination of the neutrino oscillation angle (23, as well as cross-section measurements using data from the Near Detector prototype on the surface (NDOS).  I am the coordinator of the QA/QC tracking database used by the NOvA Project and Collaboration, as well as all databases and the C++ interface used by the DAQ, DCS and Offline Analysis groups.  I am also responsible for the DAQ Resource Manager and Run Control subsystems.

· On the LBNE experiment, I am beginning to get involved in the 35ton prototype effort and the reconstruction and analysis of neutrino interactions in LAr TPC detectors.

III. Recent Accomplishments

· As a member of the MINOS experiment I coordinated offline reconstruction, managed databases used by the collaboration, and was involved with various systematic studies of the muon-neutrino (and anitineutrino) disappearance measurements resulting in the world’s best measurement of the atmospheric (m232, as well as the electron-neutrino appearance measurements that resulted in some of the earliest indications of a non-zero value for (13.

· As a member of the NOvA collaboration, I was Run Coordinator from 2010-12, responsible for overseeing the day-to-day operations of the NDOS, organizing the DAQ and DCS commissioning effort and ensuring that control-room shifts were covered by NOvA collaborators.  The commissioning and operation of the NDOS has been absolutely critical to the NOvA Project and Collaboration, both of which gained an enormous amount of real-world experience of the construction, installation and operation of all systems of the detector.  Although the NDOS was only partially instrumented, it did collect physics quality data which are now being analyzed by graduate students on the experiment.

· As a member of the HEP community and an advocate for the Intensity Frontier Program, in November of 2011 I applied for and was awarded a Brazil-U.S. Physics Lectureship Award sponsored by the APS and Brazilian counterpart SBF.  My lectures in Brazil were aimed at increasing international participation in and raising awareness of the exciting research opportunities in the Intensity Frontier of HEP in the U.S. to Brazilian scientists.  In the end, several Brazilian physicists expressed interest in joining LBNE, and higher-level discussions are now underway between the Brazilians and LBNE Project Management.
IV. Future Plans

· In the near future I plan to continue all effort on NOvA, as well as work on detailed systematic studies of neutrino interaction pileup in the ND in the construction of the ND energy spectrum, and improved muon track reconstruction algorithms (eg, based on Kalman Filter) that will improve energy resolution of CC QE sample.  I plan to finalize and publish the MIPP NuMI target pion yield analysis, which will greatly enhance NDOS measurements as well as NOvA ND analyses.  Other experiments such as MINOS, MINERvA, ArgoNeut and MINOS+ will also greatly benefit from this measurement.  I also plan to explore ways in which I can become more involved in the LBNE 35ton effort, and will use my experience with gas TPC event reconstruction to improve track and shower reconstruction algorithms for the LBNE LAr far detector.
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Physicist 






Argonne National Laboratory
January 1989 - present
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Ph.D. 1977


The University of Chicago


Advisor: Herbert L. Anderson
C.
Significant Publications

1. P. Adamson, et al., “Improved Measurement of Muon Antineutrino Disappearance in MINOS,” Phys. Rev. Lett.      108, 191801 (2012).

2. P. Adamson, et al., “Improved Search for Muon-Neutrino to Electron-Neutrino Oscillations in MINOS,” Phys. Rev. Lett. 107, 181802 (2011).

3. P. Adamson, et al., “Measurement of the Neutrino Mass Splitting and Flavor Mixing by MINOS,” Phys. Rev. Lett. 106, 181801 (2011).

4. P. Adamson, et al., “Search for Active Neutrino Disappearance Using Neutral-Current Interactions in the MINOS Long-Baseline Experiment,” Phys. Rev. Lett. 101, 221804 (2008).

5. D.G. Michael, et al., “The Magnetized Steel and Scintillator Calorimeters of the MINOS Experiment,” Nucl. Instrum. Methods Phys. Res., Sect. A 596, 190 (2008)
D.
Significant Leadership/Management Positions

· Level 2 Manager for PVC Production, NOvA Project  (2006 - present)

· Member, Technical Board of the NOvA Project (2006-present)

· Member, Executive Committee of the NOvA Experiment (2010-2012)

E.
Significant Positions Held in HEP Community

· Member of the Fermilab Director’s Review Committee of the Mu2e Project for CD-1 (2011)

F.
Mentoring
· Sarah Phan-Budd, ANL - Postdoc

Research Summary - Richard L. Talaga

I. Current Activities

NOvA Project
12 months per year

II. Current Roles

· NOvA Level 2 Manager for PVC extrusions

· ANL lead-physicist for NOvA Detector Assembly and the Assembly Equipment 

· Member of the NOvA Technical Board 

III. Recent Accomplishments

· Managed the PVC extrusion task successfully (~$26 million budget)

· Devised and integrated into the extrusion production plant a sophisticated QC protocol to ensure NOvA specifications are met.  This is certainly beyond the PVC industry standard.

· Transitioned from small-scale prototype PVC blending and extruding (typically 50,000 pounds at a time, a few times per year) to ~500,000 pounds every month.

· The transition to large-scale production took several months of work in order to produce an acceptable and high-quality product.

·  I worked with the PVC formulation company to determine the sources of problems with their production line in order improve their output quality (2010-2011).

·  I also worked with the PVC extruding company to determine the source of a number of weak points across the extrusion profile (2011).

· Continue to maintain high quality production of the NOvA custom PVC blend, specially formulated for high reflectance anatase TiO2, which is generally not used in PVC products.  

· Produced approximately 16,500 of the 21,504 extrusions required for NOvA.

· I expect the extruding to be completed by the end of 2013, on schedule.

· I also developed techniques to keep the scrap rate small, keeping cost low.

· Led the ANL effort for NOvA Detector and Assembly successfully

· With the exception of the NOvA Block-Pivoter, all of the detector block assembly techniques and associated equipment were developed at Argonne.

· Assembly of the NOvA Near Detector on the Surface (NDOS) blocks completed (2010).

· Assembly of the Full Height Engineering Prototype was completed in the Fall of 2011.

· Development of the Glue Machine and the Module Lifting Fixtures, from prototypes to final Construction devices, was completed in 2012.

· Developed, with ANL engineers and ITW Devcon personnel, a modified formulation of the adhesive to bond PVC modules in block assembly.

· Transition from R&D to Construction PVC resulted in a slicker surface, which required not only a modified adhesive formulation but also a PVC surface preparation technique.  Hundreds of adhesive samples were tested at Argonne to determine the optimal adhesive formulation and surface preparation technique.

IV. Future Plans 

· Complete PVC management until all PVC modules have been placed in the detector (May 2014).

· Begin analysis of data of the NOvA experiment (present – 2016 and beyond). 

· Electron identification, leading to determination of mass hierarchy and CP phase

· LBNE LAr photon detection in prototypes at FNAL

· Investigate neutrino detection methods from core-collapse supernovae with LBNE 

Peter Winter
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A.
Employment

Assistant Physicist 

Argonne National Laboratory
July 30, 2012 – Current
B.
Education 

08/26/2005                     University of Bonn, Germany            
Advisors: Prof. K. Kilian, Prof. W. Oelert

C.
Significant Publications

1. V. Tishchenko et al., “Detailed Report of the MuLan Measurement of the Positive Muon Lifetime and Determination of the Fermi Constant”, Phys. Rev., D87, 052003 (2013)

2. V.A. Andreev et al., “Measurement of Muon Capture on the Proton to 1% Precision and Determination of the Pseudoscalar Coupling gP”, Phys. Rev. Lett., 110, 012504 (2013)

3. D. Webber et al., “Measurement of the Positive Muon Lifetime and Determination of the Fermi Constant to Part-per-Million Precision”, Phys. Rev. Lett., 106, 079901 (2011)

4. V.A. Andreev et al., “Measurement of the rate of muon capture in hydrogen gas and determination of the proton’s pseudoscalar coupling gP”, Phys. Rev. Lett., 99, 032002 (2007)

5. D.B. Chitwood et al., “Improved measurement of the positive muon lifetime and determination of the Fermi constant”, Phys. Rev. Lett., 99, 032001 (2007)

D.
Significant Leadership/Management Positions

· Level 3 manager for the Slow Controls in the muon g-2 project (2012 - current)

· Level 4 manager for the NMR trolley system in the muon g-2 project (2013)

E.
Significant Positions Held in HEP Community

F.
Mentoring

· Brendan Kiburg, former graduate student at University of Illinois at Urbana-Champaign and former post-doc at University of Washington (mentoring from 2005 – 2012)

· Sara Knaack, former graduate student at University of Illinois at Urbana-Champaign (mentoring from 2005 – 2012)

Research Summary - Peter Winter

I. Current Activities

Muon g-2 experiment: 

· Development of the strategy for refurbishment and upgrade of the trolley NMR system including the probes, electronics, readout and control DAQ, drive and garage mechanics. (6 months)
· Development of the slow control system including the central DAQ, communication services, data storage and some of the sensors. Coordination of the integration of other sensors and controls built by collaborators. (4 months)
· Incorporation of the GEANT4 simulation of the g-2 storage ring and detectors into the ART framework and development of analysis modules. (2 months)
II. Current Roles

Muon g-2 experiment:

· Trolley system: Level 4 manager for the NMR trolley system for the g-2 project. Leadership role for the upgrade activities and the associated systematic error studies of the NMR measurement with the trolley in a dedicated solenoid test magnet.

· Slow control system: Level 3 manager for the slow controls for the g-2 project. Coordinator for the overall development of various components at different institutions.
· GEANT4 simulations: Lead developer of the integration of the simulation software into the ART framework. Simulation consultant for collaborators using the simulation package.
III. Recent Accomplishments

Muon g-2 experiment:

· Trolley system: Established the full costing for the CD1 review for the associated 6 WBS/BOE items for this essential device for the magnetic field measurement. Visit to BNL to inspect and discuss with local experts about the trolley system and future upgrade needs and strategies.

· Slow controls: Development of a conceptual design for the future experiment. Established the full costing for the CD1 review for the associated 5 WBS/BOE items for this device.

· Simulations: Full integration of the GEANT4 software code into the ART framework. Implementation of improvements to the simulation for better physics output and ease of usability for collaborators.

IV. Future Plans


Muon g-2 experiment:

· Trolley system and general field measurements: Refurbishment of the system at Brookhaven. Detailed investigation of the system’s status followed by design and implementation of required upgrades. Extensive studies related to trolley systematics in a dedicated test solenoid at 1.45T. Involvement in the shimming procedure of the g-2 magnet to achieve a very homogeneous field.

· Slow controls: Design and implement DAQ, data storage, frontend and communication software as well as temperature sensors. Integrate components built by collaborators.

· Simulations and analysis: Finish the port to ART with extensive test procedures to verify the validity of the simulation. Develop analysis modules for the field measurement. Perform the field analysis during the shimming process and during the real data taking for g-2.


Mu2e experiment: 

· Participation in dedicated measurements of muon capture on Mu2e target materials at the Paul Scherrer Institute as important input for background simulations of protons, neutrons and pion radiative capture in Mu2e.

8. Personnel Distribution Effort
This documentation will be provided in a separate document.
i
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