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1. Introduction

With the closing of the Tevatron in FY12, Fermilab will cede leadership of the High Energy Frontier to the LHC at CERN.  As outlined in recent recommendations of P5 and PASAG to HEPAP, the Fermilab mission will now shift from the long standing operation of the Tevatron accelerator to a new set of machines suitable to providing lower energy high intensity beams for intensity frontier science.   This represents exciting possibilities for Fermilab, and for the Particle Physics Division (PPD) in particular. 

The PPD facilities, while having served well during the Tevatron Era, are not necessarily well-suited to carry out missions in the Project-X era with an increasing emphasis on the cosmic frontier.  Are there facilities, technologies, and skill-sets that PPD should be pursuing so that the division is well positioned to lead the lab in its future science programs?  Could things be done to make more optimal use of the resources that will be built at Fermilab.  What should be PPD’s future “centers of excellence”? 

This task force has identified several excellent opportunities for PPD to ensure that it would fulfill its mission in the post-Tevatron era. 
In making these recommendations we were guided by the following principles.  
· The new facilities should enable rapid and cost-effective development of Fermilab experimental projects, and they should enhance Fermilab as an attractive place for the User community to develop new ideas related to the Lab Mission.
· The new facilities should allow for easy fostering of new partnerships with other Agencies (National, State, and Local), and with private industry and private foundations.  

· The new facilities should foster an intellectually vibrant “campus” environment, where buildings and access to the engineering and technical staff are within easy walking distance from one another.  While this obviously saves fuel costs and reduces vehicle traffic, it genuinely speeds up development of projects. 

We list two categories for facility development.  Major Facility Investments are those in which new buildings are constructed.  These allow us to readily optimize for our needs, and is ultimately more cost-efficient.   Midscale Facility Investments are those in which existing facilities are upgraded, and are smaller in scope.   Being smaller in scope, they are often less optimal than the “green-field” solutions.
Major Facility Investments
1.
A Multi-Purpose Experimental Hall for the Project-X Era

2.
An Office Complex for Intensity Frontier Scientist.
3.
An Integrated Engineering Building

4.
An Office Complex for the Cosmic Frontier

5.          A Muon Experimental Hall Complex

Midscale Facility Investments

1.  A Noble Liquid Test Facility at D0.

2.  A Milli-Kelvin Facility at Sidet Lab C.

3.  A Silicon Probe Station.

4.  Lab A Dome Upgrade.
5.  Upgrade of test beam facility

Multi-Purpose Experimental Hall for the Project-X Era.
While there are currently several multi “100 Million” dollar experiments proposed that will provide the cornerstone of the beginning of the Project-X era for the next decade and beyond, there is a need for a smaller scale, and flexible experimental facility where smaller shorter term experiments can be mounted and carried out.  This facility would make use of the 3 GeV CW proton beams.

We imagine a building of similar size to that of the experimental hall in what was once termed New Muon Lab.   An auxiliary counting house, trigger room, computing room and several meeting rooms would also be beneficial at this 

The experimental hall would need crane coverage over the entire useable floor space as well as the loading dock.  A crane with a ~25 ton capacity should be of adequate size.  One would want two sources of AC power, one for the building lights, compressors, welders etc and a second one for experimental power and computing.   Chilled water, compressed air, and a system for gas delivery would also be required. 
We imagine the Multi-Purpose Experimental Hall to house flagship experiments such the ultra-rare kaon and ultra-cold neutron experiments.    Another exciting possibility is that the hall would house an Irradiation Facility to study the radiation resistance of electronics, and the mechanical robustness of materials to intense proton bombardment.  The Irradiation Facility also includes using protons for medical imaging and treatment, and for nuclear transmutation studies for energy use.   In these possibilities, we imagine that we can foster partnership with other Agencies, private industry and foundations.

Muon Experimental Hall Complex
In the post-Tevatron era, there is planned to be two flagship experiments in the muon sector:  MU2E and G-2.    Projecting further into the future, there would be intense muon beams to provide ultra-clean neutrino beams, and intense, cool, and high energy muon beams for the muon-collider experiments.   

To reach this ultimate goal, there would need to be intermediate experiments to prove the technical concepts of muon-capturing, muon cooling, and acceleration.    There would be opportunities to perform experiments with stopped muon beams, muon spin-scattering, and rare muon decays.

Currently, there exists no set of experimental halls for muon experiments envisioned for the post-Tevatron era.   Though early in the planning, the MU2E and G-2 experiments would place their experiments in the area between the Booster and the Accumulator.

We envision a campus complex of buildings (eg. The Meson Area) dedicated to future muon experiments.  The first suits of experiments would be G-2 and MU2E.   The buildings should have good crane coverage, LCW chilled water, and access to LHe cryogenics.
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Figure 1:  A Possible Location of the Muon Experimental Hall Complex
An Integrated Engineering Building

We propose an Integrated Engineering Building (IEB) to house mechanical and electrical engineers, designers, and technicians.  The building would also contain state-of-the-art clean room facilities and clean assembly space.   The building would be placed in proximity to the proposed “campus” connecting TD, FCC, CDF/IARC, and Wilson Hall.    It addresses some critical needs in PPD (outlined below), and it would truly establish the campus feel at Fermilab. 

A joint PPD-CD engineering review task force in 2010, headed by Ted Liu, recommended improving the connection and collaboration between electrical engineering expertise from PPD and CD.    Currently, CD electrical engineers (primarily specializing in digital electronics), reside at FCC.  PPD electrical engineers and electronic technicians, with expertise in ASIC and analog circuitry, digital electronics, HV and high power LV, reside in WH14 and D0.     An integrated engineering building, as we proposed, would free up critically needed office space in Wilson Hall. 

 A PPD task force in 2008, headed by Marcel Demarteau, strongly recommended construction of new clean room facilities, responding to the need for ILC and LHC silicon detector development.   Since this time, the need for clean room extends to the Cosmic Frontier experiments as well.      The Cosmic Frontier Experiments are also likely to need low-radioactivity lab space and cryogenics at the milli-Kelvin level.  

While the clean rooms at Sidet and Lab 3 served PPD very well for the Tevatron era, the clean rooms were not professionally built, and the maintenance and labor costs far exceeded the cost of professionally built clean rooms (had that been built at Sidet).   While the clean rooms at Sidet are reasonably “clean”, other factors such as humidity and ESD control, 240 VAC power availability, temperature control, audio noise level, head-height, access to dry Nitrogen,  cooling power, and low conductivity cooling water are equally (if not more) important factors. 

A green-field and professionally-built clean room facility, with clean assembly space, would save costs in the long run, and would focus our labor to work on the post Tevatron-era experiments, rather than always be occupied with maintaining the facility. 
PPD also maintains important lab areas in the village:  Labs  3, 5, 6, 7, and 8.   However, the buildings are relatively old, in poor shape, and costly to maintain.  In addition, the occupancy per building is relatively low (2-4 people per building).    In particular, Lab 8 is near to a pond, and is prone to flooding.    The Integrated Engineering Building could easily house all the technical personnel and critical facilities in the village labs, allowing for decommissioning of those labs.   Being centrally located, it would enable an easier connection between the technical personnel and the scientists and the users.
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Figure 2:  A “sample layout” of the proposed campus of 3 buildings to house technical, engineering staff, and scientists working on the Intensity and Cosmic Frontier.  The other obvious site is next to IARC


An Office Complex for Cosmic Frontier Scientists
The Cosmic Frontier has been growing in importance as a key part of the Fermilab Mission.   The tools to carry out the research are rich, varied, and change rapidly with time.   They vary from low background, high sensitivity Dark Matter detectors, to optical and non-optical telescopes deployed in remote and hard-to-access locations to study Dark Energy, to high power lasers in high magnetic fields to study the quantum nature of the vacuum and of space-time, to computationally intensive machines to perform simulations and data analysis.   

These projects also have tighter collaboration between theorists and experimentalists, than traditional HEP experiments.   The experimental projects themselves also tend to be located away from Fermilab.

The Cosmic Frontier projects also tend to introduce Fermilab to new University partners, other DOE labs, and other Agencies.   And there is a fertile exchange of new techniques and ideas with our new partners.   Already, we are seeing fruitful collaborations with NOAO, NRAO, and NASA.

Currently, there is a shortage of space in Wilson Hall to house lab and visiting scientists interested in Cosmic Frontier experiments.   As the experiments are often located away from the lab, in remote locations with limited personnel, there is a genuine need for remote control rooms (rather than just for monitoring).   In addition, the experimentalists typically have to drive from Wilson Hall to either the Village Labs, PAB, or Sidet, in order to work on their hardware.

A building for Cosmic Frontier physicists, located between Wilson Hall and the IARC campus, and within walking distance to the Integrated Engineering Building (described elsewhere in this document) would provide an intellectually vibrant environment for both Fermilab and University scientific staff to work and to interact with each other.

It would house meeting rooms, a control room for the Cosmic Frontier experiments, some common coffee/lunch areas as well as a display area for the lab to bring visitors to showcase this class of physics experiments and physics measurements.
An Office Complex for Intensity Frontier Scientists
The intensity frontier is the future of high energy physics at Fermilab.  This program is comprised of a number of different experiments, each seeking to use a particular aspect of the renovated accelerator complex to make a variety of different physics measurements.  One of the challenges of this program will be to keep the participants engaged, communicating their ideas with each other and to pass the excitement of a particular branch of physics to the wider community.   A very effective way to accomplish this is to locate all of the intensity frontier scientists in a single location, providing meeting rooms and areas where scientists can interact in an informal setting.  Building 40 at CERN has accomplished a lot in terms of getting scientists from the different experiments to discuss issues and to share ideas.  A similar model could be used here at Fermilab.

A building for intensity frontier physicists, located between the high-rise and the IARC campus would go a long way to help foster a sense of community spirit and identity.  It would provide a comfortable environment for both Fermilab and University scientific staff to work and to interact with each other.  It would house meeting rooms, perhaps a control room for the intensity frontier experiments, some common coffee/lunch areas as well as a display area for the lab to bring visitors to showcase this class of physics experiments and physics measurements.

This building – if sited properly would provide an important “campus connection” between TD, FCC CDF/IARC and Wilson Hall.  It could provide the link that change Fermilab from a set of isolated buildings into a more “Campus” environment – which would help groups across disciplines interact on a more regular basis.

One could try to fund such a building in a fashion similar to what IARC did.    Its mission statement could be to work with industry, university, and laboratory partners to promote the unique science available at the intensity frontier and provide a bridge between the technologies needed to do this science with other commercial opportunities.

A Noble Liquid Test-Facility at D0

Noble liquids have recently received a great deal of attention.  Many consider them to be the medium of choice for dark matter and neutrino experiments. 

For neutrino experiments, liquid argon can serve as both the absorber medium and the tracking medium.  Ionized electrons can be drifted and amplified, and so charged tracks from the neutrino interaction can be imaged.  Charged track imaging also allows for vetoing of cosmic events (aka “self-shielding”).  Combined with the low energy deposition threshold made possible with using LAr, the LAr technique is perceived to be more efficient, and therefore would require less proton flux.  LAr also scintillates, albeit at ~128 nm.  

For dark matter experiments, both LAr and LXe have also received a great deal of attention since they can be made radio-pure, and scalable.  Small scale lab tests have shown excellent rejection against EM interaction.

With an operating temperature of ~88K for LAr, and ~160K for LXe  (at 1 atm), the cooling requirements are modest.

Dzero has a vast cryogenic infrastructure to support both a large liquid argon calorimeter and a superconducting solenoid.  Therefore, Dzero is an excellent facility for testing noble liquid detectors on a large scale.

If the noble liquid detector under test is placed inside the Dzero muon system, it can be as large as 6 meters x 8 meters.  The Dzero muon system can be used as a cosmic test stand.  The muon system has timing for upward versus downward muons, and a toroid for charge identification.  The muon system is already designed to open and close around the calorimeter.  

If the test device is placed inside the superconducting solenoid, the device can be arranged as a traditional HEP-style TPC, where the drift electric field is parallel to the B field, and the B field is used to limit the transverse diffusion of the ionized electrons.

Finally, the proximity to the Tevatron tunnel allows room for an electron or alpha beam inside the tunnel.   There already is an overburden of ~12m but it could probably be increased if desired.
Upgrade to Test Beam Facilities

For the foreseeable future,  Fermilab will have the only high energy hadron test beam facility in the Americas.   And the demand for testbeam usage remains quite high.   Currently, the testbeam time slots are booked months in advance.   While there are traditional usages for test beam such as quantifying calorimetry and tracking resolution, we’ve also seen the use of testbeam to verify new detection techniques such as photodetectors with pico-second timing resolution.    Testbeam usage extends also into the nonaccelerator-based experiments.   For example, COUPP plans to use the testbeam for threshold mapping of superheated liquids.  Many users (such as Pierre-Auger) are interested in studying the longer-wavelength (infrared to microwave to radio) components of hadronic showers and Cerenkov radiation.

In the post Tevatron Era, the testbeam facility will be a dominant attraction for users to come to the lab.  In addition, since many testbeam users are not HEP scientists, the techniques they bring will enrich the lab in very subtle and indirect ways. 

The current facility contains a single operational beamline (MTest) that delivers a high quality 120 GeV proton beam at moderate intensities (< 100 kHz), producing secondary beams between 0.5 GeV/c and 66 GeV/c,  and a low flux (<50 Hz) tertiary beam at MT6 providing 0.4 GeV/c to 1.5 Gev/c .    Scintillator hodoscopes, Cerenkov counters, a silicon pixel telescope, several MWPC stations, lead glass, and low field spectrometer magnets are available for beam monitoring and analysis.  There are motion tables, gas delivery lines, cable plant and laser alignment systems that make the experiment installation quite easy.    Due to the large need for testbeam, 

a second beamline is now being developed at MCenter as an additional test beam line. 
While Fermilab's test beam capabilities are well regarded and have facilitated a wide range of experiments for the international HEP community, the Facility is understaffed and needs to be upgraded and modernized.   Major upgrades are needed for the control room, beam monitoring and analysis devices, and data acquisition.    Beam tracking should be done with ultrahigh precision devices such as silicon, or ultra thin devices such as micro-patterned gas TPC’s.   For beam analysis, a key component is a high-quality analysis magnet.   To support a higher intensity beam, we will need additional shielding.   

We also anticipate that users may want different duty cycle (such as slow spill), and the need for support of cryogenic equipment.   Finally, if the beam monitoring and analysis equipment are upgraded, the facility would become a tagged neutral hadron testbeam. This would be an exciting development for Fermilab.

Upgrade of Facility Equipment
For the Tevatron Era experiments, the critical facility equipment for detector R&D, fabrication, and assembly includes software tools, inspection equipment such as CMM’s, and micro-assembly tools.   A high-level summary of existing PPD tools are listed in Appendix 3. 

We believe these tools remain relevant, or even more critical for the Project-X era.   We list here a few high-value critical items.   A silicon probe station, capable of studying devices at cold temperatures, has been identified as being the most useful for performing state-of-the art silicon detector R&D.    For the LHC silicon upgrade, the fully automated wirebonding machines at Sidet should be replaced.   Other high-demand equipment includes dry vacuum pumps and refrigeration equipment such as chillers and cryogen-free coolers (i.e. cryocoolers).    Finally, a 3D printer with 1-mil accuracy would be quite useful for mechanical prototyping.

In the past, PPD acquired equipment by ‘inheritance’ from projects.    Equipment were purchased with project money, and then used by projects for their purpose.   Afterwards, the equipment became part of the PPD facility.    An outstanding example of this are the wirebonding machines at Sidet.   PPD has also acquired equipment from government surplus.    

While these practices are admirable, the use of older equipment is often very inefficient, and is ultimately more costly.   The older equipment often needs repair, lack documentation, or are no longer supported by the manufacturer.   This costs significant time, money, and effort on the part of the facility staff.  

Therefore, we strongly recommend a better practice for acquiring facility equipment.   PPD should work with projects to purchase equipment, in a manner optimizing both the project needs and the long term legacy of the equipment. 

Milli-Kelvin Facility at Sidet Lab C North
The Lab C clean room has received several upgrades during 2005-2010.  Several large area CMMs’, used for construction of CDF, D0, and CMS silicon trackers, have been removed. 

The Lab C South Clean room will house equipment for the CMS/Atlas silicon upgrade.  The Lab C North clean room is now designated for CCD work.  It contains an inner clean room (class 100), and is currently being used for installing the DES science-grade CCDs into the camera vessel.

Lab C North is a very suitable place for working with low noise, ESD-sensitive, sensors in an open environment. We propose to add an ultra-low (millikelvin-level) temperature facility into the Lab C North clean room. 

In the sub-Kelvin regime, the atomic thermal motions, vibrations of material and electron temperatures are substantially reduced and hence the true nature of the atomic quantum effects become manifest.  These effects include superconductivity, the Quantum Hall effect, Exotic phase transitions, and Heavy fermions.  These effects enable novel detection techniques such as the athermal phonon detector, the microwave-kinetic inductance detector, and super-conducting photon detectors.  

These detectors can reach ultra-low thresholds.  They will enable and enhance physics topics such as:  ultra-low threshold dark matter searches, beta endpoint of decays and neutrinoless double-beta decays, rare nuclear decays, high-resolution X-Ray spectroscopy, tests of GR, cosmic microwave background, X-Ray and UV to IR astrophysics.

We envision this to be a User facility.  Fermilab PPD would provide, install, and maintain the refrigerator, while users would provide the detectors along with the cryostat.  There are commercially available, cryogen-free refrigerators, costing at the level of $500K.   They have a cooling capacity of 200-400 microWatt at 100 milliKelvin.  

We do not consider cosmogenic or radiogenic background shielding in the initial facility setup.  We can easily add RF shielding of the lab-space and magnetic shielding of the default icebox design.

Finally, the possibilities above represent only our initial sampling of the new opportunities.  Low temperature detectors and their use in HEP and particle astrophysics, is a rapidly changing field, with new ideas being developed very rapidly.  We have good reason to believe that their use will only grow with time.  

Upgrade of the Lab A Dome

Lab A received significant upgrades during 2005-2010.   The electrical distribution was upgraded, including hook ups to a rental backup diesel generator.  Two large outdoor chillers were added to allow operation of high cooling-power cryocoolers inside Lab A.

Finally, a large multi-ring structure (“the simulator”) was added to Lab A, capable of holding the DES camera and simulating the telescope motion.

With the tall building height and the 5 ton crane, its proximity to mechanical engineering, technicians, and clean micro assembly infrastructure, Lab A is an excellent location for building and commissioning large cryogenic astronomical cameras.

We propose to upgrade the Lab A dome, making it retractable.   It would enable the following:

· it allows cameras to look directly at the sky.

· cameras mounted on the simulator would be able to track the sky.

· The large size of Lab A allows room for telescope optics, if desired by the user.

· while light pollution will limit the utility for optical cameras, making long exposures of dim objects less useful,  microwave cameras (5-150 GHz) will benefit by being able to observe the sky.  During the winter months, the sky temperature can approach 50K at these frequencies, making it very useful for commissioning the camera.

We believe this could be useful for LSST, and proposed new projects such as BigBoss, DEC-Spec, and QUIET-II.  It enables the experimenters to calibrate the instruments (on bright objects), prior to shipping to the final location.

APPENDIX 1

DRAFT Charge to the PPD Task Force

on Divisional Master Planning

1.0
Introduction


Master planning is of critical importance as a process to help define and best use all laboratory resources to most effectively meet Fermilab’s future mission.  The Particle Physics Division is nearing an important transitional point.  The Tevatron and Collider experiment operations are scheduled to cease in the near future, planning for several projects has begun, and the Neutrino program will soon expand with the startup of the NOνA experiment, now under construction.


There are many new requirements and activities that interact with planning which include:

· American Reinvestment and Recovery Act

· New Construction Grants from the State of Illinois

· Anticipated or granted mission need (CD-0) approvals on several projects

· Congressionally  mandated space offsets

· Preservation of the lab’s scientific/architectural heritage

These requirements and activities make high level planning, coordination, and communication critical to ensure the laboratory and Division are best prepared to successfully meet the challenges of this transition.

2.0
Charge


The Task Force has multiple purposes.  

1. Understand the state of the current laboratory assets for which PPD is the landlord. 

2. Work with PPD management to understand the strategic goals of the laboratory as they are related to the PPD mission.

3. Develop a list of facilities that would best position PPD to accomplish its mission over the next ten years

4. Develop recommendations for best acquiring those facilities, either through new construction or refurbishment of existing ones.

5. Develop recommendations for which assets should be decommissioned.

3.0 
Membership


The  Particle Physics Division head will be a member, and will appoint the members of the Task Force.  The Facilities Engineering Services Section (FESS) Head shall nominate a person from FESS to the division head.  Task Force members shall include associate and assistant division heads, department heads, and the ES&H group leader.  Additional members may be appointed by the division head, and committees or working groups may be assigned outside of the membership to provide support to the Task Force.

4.0
Deliverables


The task force will deliver a report to the division head by close of business June 30, 2010.  The report will address the five elements of the charge listed in section 2.

APPENDIX 2

Membership

Hogan Nguyen

Rob Roser

Ted Liu

Julie Whitmore

Brendan Casey

Stephen Brice

Rob Plunkett

Dan Bauer

Juan Estrada

Peter Wilson

Ron Lipton

Erik Ramberg

Jonghee Yoo

Mike Lindgren ex-officio

APPENDIX 3
The following slides is a high-level summary of the existing PPD facility, equipment, and their application.   The description of the testbeam is given here, but listed earlier in the document. 
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