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	This document provides a basic informational briefing on the COUPP-2L Bubble Chamber experiment for the use of Reviewers and Approvers.  It provides (A) an inventory and specification of the equipment, including materials, weights, dimensions, etc. (B) an inventory and specification of all chemicals and fluids, including MSDS information, and (C) a summary and description of all installation, operation, and de-installation steps, including procedures. 



Introduction: 
[bookmark: pub]The COUPP-2 liter bubble chamber is an upgrade of the original COUPP 1 liter bubble chamber which was designed and constructed at the University of Chicago in 2004 and was in operation in the MINOS near detector hall at Fermilab from 2005 through 2008.  This early work demonstrated the technical feasibility of a large, clean, continuously stable bubble chamber as a dark matter detector and the exceptional ~1010 rejection of gamma and beta recoil backgrounds.  New limits on spin-dependent WIMP-nucleus interactions[footnoteRef:1] from this effort were published in SCIENCE in 2008. [1:  “Spin Dependent WIMP Limits from A Bubble Chamber,”  Science 319:933-936,2008] 


While notably successful in discriminating nuclear recoil events from those initiated by beta and gamma interactions, the maximum size of a dark matter bubble chamber was technically limited by the rate of bubble nucleation on the vessel walls, and the physics reach of the bubble chamber technique has been limited by background events due to alpha decays of unstable nuclei within the bubble chamber fluid.
 
The COUPP-2 liter bubble chamber upgrade was initiated with three specific goals:

1) Test the use of a synthetic silica inner vessel to eliminate bubble nucleation on the vessel walls.  Our working theory was that this class of events was due to alpha particle emissions from the vessel walls arising from the intrinsic Uranium and Thorium contamination of natural quartz.
2) Improved fluid handling procedures to minimize the injection of radon into the vessel during filling and reduce the alpha event background.
3) Evaluation of the acoustic alpha recoil discrimination reported[footnoteRef:2] by the PICASSO collaboration. [2: “Discrimination of nuclear recoils from alpha particles with superheated liquids,” Aubin et al. New J. Phys 10:103017, 2008] 


The COUPP-2 liter bubble chamber was installed in the MINOS near detector hall at Fermilab in August 2009 and ran through December 2009.  It was successful in each of its stated goals.  The synthetic silica vessel reduced the wall nucleation rate to a level sufficiently low to allow the construction of a 500-kg experiment.  By better choices of plumbing materials, we reduced the intrinsic alpha emitter contamination of the bubble chamber fluid to <1 event/kg/day.  Most important, the test resulted in a spectacular confirmation[footnoteRef:3] of acoustic alpha discrimination, and in new world best limits for spin-dependent WIMP interactions.  Because the physics reach of the COUPP-2 liter bubble chamber is now limited by the cosmic ray backgrounds at the 300 MWE depth of the Fermilab MINOS site, the equipment has been removed to a staging area for repair and preparation for transport to a deeper site. [3:  “COUPP progress report: results from the 4kg test chamber,”  C. Eric Dahl (Univ. of Chicago), Ninth UCLA Symposium on Sources and Detection of Dark Matter and Dark Energy in the Universe, Feb 24-25, 2010.] 




The Physical Elements of the Experiment, Footprint, and Resource Requirements
Exclusive of the shielding/muon veto, the COUPP-2 liter bubble chamber experiment is a very small and easily portable device consisting of the bubble chamber itself, a small hydraulic controls unit, a small laboratory NESLAB heater/chiller unit, and a single data acquisition relay rack.  

The elements of the experiment are shown in Figure 1 as they were arranged in the MINOS near detector hall at Fermilab in August, 2009.  The combined weight of all the elements (again exclusive of the veto/shielding) is less than 2000 lb and can be delivered in a single truck load.

In the MINOS near detector hall at Fermilab, the experiment operated at a depth of 300 MWE and required a rather high performance muon veto.  A 1200 gallon liquid scintillator tank was developed for this purpose.  The layout of the bubble chamber within its MINOS area shielding / veto tank is shown in elevation in Figure 2 and in plan view in Figure 3.  The essential feature of the geometry is that all of the services to the chamber (instrumentation wiring, hydraulics) pass down through the base of the shielding and out across the floor.  This arrangement allows commissioning of the bubble chamber without the shielding in place, and results in considerable simplification for the design and logistics of the shielding pile or muon veto.

The veto/shielding requirement is of course site dependent.  Operation of the experiment in the Soudan Underground Laboratory would still require a muon veto similar to the one used in the MINOS near detector hall, although the requirements would be much less demanding.  At the 6800 foot depth of SNOLAB, passive neutron shielding would likely be sufficient.  Some sort of water tank, solid polyethylene, or water cubes would all be acceptable options.  A schematic illustration of the nominal minimum shielding requirement is provided as Figure 4.

In the MINOS area layout, the footprint of the experiment was dominated by an 8’ x 14’ spill containment berm.  The bubble chamber and its shielding/veto tank, the hydraulic cart, and the NESLAB cart were all located within the spill containment berm.  The data acquisition rack plus a chair sat outside the berm.  The net footprint of the experiment was 8’ x 18’.  In Soudan, the footprint would be similar.  At SNOLAB, without the spill containment requirement, the experiment would fit nicely into a roughly 8‘x12’ footprint, as shown in Figure 5.

The resources required by the experiment are modest.  The data acquisition rack requires a network connection and a single 60 Hz, 110V, 20A circuit.  The hydraulic cart is powered from the data acquisition rack.  The NESLAB heater/chiller unit requires a separate 60 Hz, 110V, 20A circuit.  To power auxiliary equipment used during installation and commissioning (vacuum pump, oil pump) a third separate outlet would be convenient.  The hydraulic cart additionally requires a compressed air supply at >50 psig.  The operation of the experiment consumes compressed air at a rate of less than 10 SCF per day.

 (
Resource Requirements Summary:
Footprint:  8 feet x (12-18 feet) = 96-144 square feet.
Network Connection: 
Electrical: 2-3 60Hz, 110V, 20A circuits.
     We may choose to provide a UPS for the DAQ rack.
Compressed Air: <10 SCF/day @ >50 psig
Special Considerations:
Our run plan includes the use of radioactive sources for calibration.
The chamber will be equipped with a source tube through which sources can be moved on a wire to a fixed position external to the pressure vessel.
We anticipate using 
137
Cs sources with strengths ranging from 0.1 

Ci
 to 1 
mCi
 to study electron recoil event rejection.
We anticipate using a very weak neutron source, either 
AmBe
 or Californium for our neutron calibrations.  Strength someone?
We anticipate using a weak 
thoron
 source to dope our chamber fluid for alpha discrimination studies.
We do not anticipate any special considerations for environmental acoustic noise.  Our acoustic sensors operated successfully in a very noisy environment in the MINOS area.  It would however be prudent to avoid the close proximity to any vibrating or noisy equipment.
)

[image: 4kginNuMI]
[bookmark: _Ref258331449][bookmark: _Toc258332032]Figure 1: The COUPP-2L Bubble Chamber along with its hydraulic controls cart and NESLAB heater/chiller cart as it was deployed in the MINOS near detector hall.




[image: ]
[bookmark: _Ref256603615][bookmark: _Toc256437520][bookmark: _Toc256601990][bookmark: _Toc256608305][bookmark: _Toc258332035]Figure 2: Elevation view of the COUPP-2L Experiment as it was configured in the MINOS near detector hall at Fermilab showing the bubble chamber on its shielding plug/base within the dome of the shielding/muon veto tank.
 (
Details: 
The support legs of the bubble chamber pressure vessel sit on a metal plate which spreads the load over the polyethylene shielding base.  The shielding base is formed from a stack of 1” thick polyethylene sheets.  Penetrations through the shielding base provide passageways for cables and for the main hydraulic hose.  The 
muon
 veto/
sielding
 tank seen here in cross-section is a nominally 6 foot diameter 7 foot tall cylindrical welded steel tank with an inverted dome in its bottom.  The resulting tank has roughly the shape of a 
bundt
 cake mold.  The tank is lined with reflective aluminum sheet and filled with mineral oil 
scintillator
.  It is viewed from above by an array of 19 flat-faced 5” diameter photomultiplier tubes.  The veto tank sits on a base formed from polyethylene cribbing.  Empty spaces between the cribbing blocks were filled with polyethylene beads.
)

[image: ]
[bookmark: _Ref256610918][bookmark: _Toc256437521][bookmark: _Toc256601991][bookmark: _Toc256608306][bookmark: _Toc258332036]Figure 3: Plan View of the COUPP-2L Experiment showing the orientations of the cameras and of the SAmBe (switchable Am Be neutron calibration source.)

[image: ]
[bookmark: _Toc258332034][bookmark: _Ref258332513]Figure 4 Neutron Shielding Requirements


[image: ]
[bookmark: _Toc258332033][bookmark: _Ref258333073]Figure 5: A schematic illustration showing how the components of the COUPP-2L Experiment are arranged in a roughly 8 by 12 foot floorspace.



Elements of the COUPP-2L Bubble Chamber Experiment

1) The COUP-2L Bubble Chamber is shown in Figure 6Figure 15.  The bubble chamber comprises an external pressure vessel plus a high-purity quartz inner vessel assembly connected to a pressure balancing bellows.

a. The vessel assembly weight is less than 1500 lb.

b. The pressure vessel is a code stamped vessel, certified by its manufacturer, Meyer Tool & Mfg., Inc, Oak Lawn, Illinois.

c. The vessel is equipped with four 6 inch diameter viewports which employ 600 psi pressure rated CANTY FUSEVIEW sight glasses.

d. The Vessel was additionally the subject of a Fermilab Pressure Vessel Engineering Note as per Fermilab ES&H Requirements. The note was prepared by PPD Engineer Andrew Szumylanski, September 28, 2004

e. The pressure vessel is nominally rated at 600 psig, it is equipped with pressure relief at 350 psig, and it is operated below 250 psig maximum.

f. The pressure vessel is revised in that a spacer was added below the top cover to accommodate the increased length of the upgraded inner vessel assembly.  This revision is the subject of an additional Fermilab engineering note.

g. In operation, the bubble chamber assembly is insulated by multiple wraps of commercial REFLECTIX double reflective (aluminum foil/bubble wrap) insulation as seen in Figure 7.

h. The Inner Vessel assembly, shown in Figure 8, is supported from the top flange cover.  Instrumentation wiring penetrations through the top flange cover are terminated in a breakout box mounted on the top flange.  The locations of the acoustic transducers are visible in this photograph

i. In operation, the pressure vessel is filled with roughly 20 liters of propylene glycol which serves as hydraulic fluid.

j. In operation the quartz inner vessel is filled with 4 kg of CF3I, and roughly 2 kg of high purity water.

k. The bubble chamber is equipped with two commercial Basler A602f firewire cameras and a small LED array for illumination.




2) The Hydraulic Controls Cart is shown in Figure 9.

a.  The Hydraulic Cart provides management of fluid pressure in the pressure vessel.  It is equipped with a fast solenoid valve plus a pneumatic to hydraulic converter which manages the expansion and the fast recompression of the chamber.

b. It is equipped with a slow, stepping motor driven hydraulic cylinder which is used to regulate the pressure when the chamber is expanded and sensitive.

c. The control of the device is based on a simple industrial standard Automation Direct ladder logic controller.

d. The hydraulic cart is powered through the DAQ Rack power distribution.

e. The hydraulic cart was the subject of an engineering and safety review by the Fermilab Particle Physics Division.

f. The hydraulic cart is connected to the DAQ rack by a power cord, a network cable, and a single control cable.


3) The NESLAB heater/chiller unit is shown in Figure 10.

a. The NESLAB heater/chiller is a commercial RTE 740 unit which consumes 115v, 60 Hz, 16 A.  The unit requires a dedicated 20 amp breaker.

b. The NESLAB unit is connected to the bubble chamber by two insulated fluid lines and to the DAQ cart by a single serial communications cable.



4) The Data Acquisition Rack is shown in Figure 11.

a. The data acquisition rack contains a mixture commercial electronics and some items developed at Fermilab.

b. All Elements of the Dara Acquisition System have been reviewed for electrical safety and a part of the Operation Readiness Clearance procedure in the Fermilab Particle Physics Division.

c. An item list is as follows:
i. One PPD Rack Protection System.  One circuit, two outputs.
ii. One National Instruments PXI-Mainframe with embedded Windows processor and instrumentation modules.
iii. One National Instruments SC-2345 instrumentation chassis.
iv. One Rack Mounted LINUX Computer.
v. One Dell 26” flat monitor.
vi. One Acoustic Sensor power distribution box.  This device developed by the Fermilab Particle Physics Division Electrical Engineering Department.  It provides very low current +- 5 volt bias to the sensors and provides for signal management into the commercial LI PXI-6133 digitizer.
vii. One LED driver distribution box.  This is a 1-U module designed and fabricated by Martin Hu (AD.)  This device manages camera control signals and switches LED driving voltages to power an array of 10 LED’s used for photography.
viii. One External Commercial power supply to provide the LED power.
ix. One commercial Hewlet Packard waveform generator which provides the 100 Hz clock to our cameras.

d. The DAQ Rack requires a single 60 Hz, 110 volt, 20 amp breaker.

e. The Data Acquisition rack is connected to the bubble chamber by 11 cables including instrumentation wiring and firewire cables for the cameras.



5) The Neutron Shield / Cosmic Ray Veto Tank used in the MINOS near detector hall at Fermilab is shown in Figure 12.

a. The tank is nominally 6 feet diameter and 8 feet tall.  

b. It holds roughly 1200 gallons of liquid scintillator.

c. The scintillator used in the MINOS run was surplus scintillator from the NuTeV neutrino experiment.  This material contains 10% pseudocumene.

d. The light output is more than is necessary for successful performance, so the pseudocumene content could easy be diluted if it presents a problem for fire safety.

e. The scintillator oil is transported in 55 gallon drums.  The drums are stored, shipped, and used in 4-drum pallets that have been designed for spill containment.

f. Operating in the Soudan Underground Laboratory, we would need to duplicate parts of the MINOS veto tank.  The tank is wider than the elevator at Soudan, so the tank would have to be welded together at the Soudan site.

g. In SNOLAB, an active muon veto is not necessary for an exposure or order 300-600 kg-days of data.


6) The Spill Containment Berm.  A manufacturer supplied photograph on an example of our spill containment berm is shown in Figure 16.

a. From our procurement specification: “Description Ready Berm 8’ x 14’ x 24” (Maximum Spill Capacity is 1,676 Gallons; Includes 7-Year Warranty on Seams/Workmanship & 10-Year, Pro-ratedWeathering Warranty on XR-5 GeomembraneFabric; Warranty excludes Neglect or Abuse)”





Chemicals and Fluids
1) CF3I:

a. The active fluid of the bubble chamber is trifluoro-iodomethane (CF3I)

b. In operation, the bubble chamber inner vessel will contain up to 4 kg of liquid CF3I.

c. When the chamber is inactive (compressed) the CF3I is held at 200 psig.

d. When the chamber is active (expanded) the CF3I is superheated in the pressure range 0-90 psig.

e. A nominal 6-8 kg of CF3I will arrive in one or two commercial SWAGELOK sample cylinders.  In the sample cylinders, the CF3I will be a liquid/gas mixture at the vapor pressure of CF3I, typically 60 psig at room temperature.

f. The transfer of CF3I from the sample cylinders to the bubble chamber vessel will occur on site once the installation of the bubble chamber, hydraulic controls, heater/chiller, and DAQ is complete.


2) High Purity Water:

a. The space above the CF3I active fluid (quartz/metal interface, bellows, and plumbing) is filled with high purity water.

b. The water is added to the system by distillation.
i. In previous runs, the water distillation has occurred in the vessel assembly clean room.  The inner vessel assembly has been delivered to the experiment site sealed and filled with water under vacuum.
ii. It is possible that we may choose to ship the vessel under vacuum without water and complete the water distillation step on site.



3) Propylene Glycol:

a. The pressure vessel volume, all hydraulic plumbing, and the hydraulic cylinder volumes on the pressure control cart are all filled with propylene glycol.

b. The net volume of propylene glycol is of order 30 liters.

c. For the 2-liter bubble chamber, we typically handle the propylene glycol in commercial 5-gallon (20 liter) bucket containers.

d. We have typically moved the bubble chamber pressure vessel assembly filled with glycol.  It may be appropriate (or necessary) to ship the pressure vessel empty and complete the propylene glycol fill step on site.

4) Mineral Oil Scintillator:

a. In the MINOS Near Detector Hall installation, a liquid scintillator muon veto / shielding tank was used.

b. This system held roughly 1200 gallons of commercial mineral oil based liquid scintillator, containing 10% pseudocumene.

c. The mineral oil scintillator is transported and handled in 55 gallon drums which are palletized in groups of four on commercial spill containment pallets designed for this purpose.

d. In a Soudan Underground Laboratory installation a muon veto would still be required, although a lower pseudocumene concentration would be acceptable.

e. In a SNOLAB installation, a muon veto would not be necessary for the anticipated 300-600 kg-day exposure so this cold be replaced by passive shielding. 

5) Machine Oils

a. The pneumatic and hydraulic cylinders used in the pressure control cart and some elements of our compressed air system carry small quantities of oil for lubrication and sealing.

b. The net volume of machine oils is not more than a few hundred cc.




Auxilliary Equipment Used During Installation, Commissioning

1) CF3I Fluid Handling Equipment
a. The fluid handling cart for the COUPP-2 liter bubble chamber is the rather modest piece of equipment shown in Figure 17.  The CF3I will arrive in a SWAGELOK sample cylinder which we have outfitted with a lightweight base support so that it can stand vertically on a balance.
b. The balance is an Arlyn Lab balance used to meter the quantity of CF3I transferred into the inner vessel.  
c. The plumbing arrangement used for CF3I transfer is shown in Figure 18.  Not visible in the picture is a small vacuum pump which is used to evacuate the lines prior to the fransfer.

2) Propylene Glycol Handling Equipment
a. Fluid Transfers: I have not included a photograph of the propylene glycol handling equipment.  We typically receive the propylene glycol in standard 5 gallon containers.  We use a small electric pump to transfer glycol into or out of the bubble chamber.
b. Vacuum De-gassing: Before sealing the bubble chamber pressure vessel, we use a vacuum pump to pump down the residual air space above the glycol volume.

3) Mineral Oil storage and handling Equipment
a. The mineral oil is handled on spill containment pallets each of which holds four 55 gallon drums in a polyethylene spill containment tub.
b. A small electric pump is used to transfer the liquid scintillator from the drums to the veto tank or from the veto tank to the drums.
c. The plumbing arrangements provide for containment of fumes during transfer operations.

[image: C:\Documents and Settings\mike\Desktop\COUPP-2L WORK\COUPP 2L Materials for Approvers\Version 2010.0\Photos for COUPP-2L Info 2010\COUPP 2L Bubble Chamber.JPG]
[bookmark: _Ref256603626][bookmark: _Toc256601992][bookmark: _Toc256608307][bookmark: _Toc258332037]Figure 6: COUPP-2L Bubble Chamber
 [image: C:\Documents and Settings\mike\Desktop\COUPP-2L WORK\COUPP 2L Materials for Approvers\Version 2010.0\Photos for COUPP-2L Info 2010\Bubble Chamber with Insulation.JPG]
[bookmark: _Ref256607398][bookmark: _Toc256608308][bookmark: _Toc258332038]Figure 7: The bubble chamber fully insulated on its shielding base ready for the veto tank installation.
 [image: ]
[bookmark: _Ref256607487][bookmark: _Toc256608309][bookmark: _Toc258332039]Figure 8: The Fully Instrumented Inner Vessel Assembly
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[bookmark: _Ref256627509][bookmark: _Toc256608310][bookmark: _Toc258332040]Figure 9: The Hydraulic Controls Cart
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[bookmark: _Ref256629281][bookmark: _Toc256608311][bookmark: _Toc258332041]Figure 10: The NESLAB RTE 740 Heater/Chiller Cart

[image: COUPP 2L Data Acquisition and Controls Rack]
[bookmark: _Ref256629335][bookmark: _Toc256608312][bookmark: _Toc258332042]Figure 11: The Data Acquisition Rack
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[bookmark: _Ref256629438][bookmark: _Toc256608313][bookmark: _Toc258332044]Figure 12: The Muon Veto / Shielding Tank



[image: C:\Documents and Settings\mike\Desktop\COUPP-2L WORK\COUPP 2L Materials for Approvers\Version 2010.0\Photos for COUPP-2L Info 2010\COUPP-2L Veto Array.JPG]
[bookmark: _Toc256608314][bookmark: _Toc258332045]Figure 13: A view of the muon veto / shielding tank following the installation of the reflective liner.



[image: COUPP 2L Veto Tank Test Fit]
[bookmark: _Ref256718503][bookmark: _Toc256608315][bookmark: _Toc258332046]Figure 14: A test installation of the muon veto / shielding tank over the bubble chamber



[image: C:\Documents and Settings\mike\Desktop\COUPP-2L WORK\COUPP 2L Materials for Approvers\Version 2010.0\Photos for COUPP-2L Info 2010\COUPP-2L Veto Array.JPG]
[bookmark: _Ref256450284][bookmark: _Toc256437523][bookmark: _Toc256601993][bookmark: _Toc256608316][bookmark: _Toc258332047]Figure 15: The top of the muon veto tank showing the array of 19 5” diameter photomultiplier tubes.

[image: ]
[bookmark: _Ref256678112][bookmark: _Toc256608317][bookmark: _Toc258332048]Figure 16: A vendor supplied photograph of the Ready Berm spill containment product.
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[bookmark: _Ref256678850][bookmark: _Toc258332049]Figure 17: Fluid Handling Cart
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[bookmark: _Ref256681638][bookmark: _Toc258332050]Figure 18: Plumbing arrangement for the CF3I fill.



Installation Sequence of Events:

1) The equipment will be delivered (nominally June 2010) to the site.

2) Equipment installation and hook up includes:
a. Position the “ready-berm” spill containment (MINOS, Soudan)
b. Set up the bubble chamber support base and establish the proper locations of the components (chamber, hydraulics cart, NESLAB cart, readout rack.)
c. Install and dress in the instrumentation wiring and plumbing connections.
d. Insulate the chamber using Reflectix “bubble wrap sandwiched in aluminum foil” insulation.
e. Install CF3I transfer equipment.
f. Installation and setup is a 1-2 day operation.

3) Review of the installation. 
a. The review requirements are site specific.
c. It is necessary to establish the operation of computers, readout electronics, and hydraulic cart prior to initiating fluid transfer operations.
d. Once the CF3I has been transferred, the experiment is “live” so all necessary operational approvals for unattended operation must be in place prior to CF3I transfer.

4) The Turn On Sequence:
a. Breath life into the Linux computer (communications and data management) and the National Instruments computer (data acquisition and control.)
b. Establish network connectivity for the data management computer.
c. Establish communications between the controls computer and the hydraulic controls cart and the NESLAB heater/chiller unit.
d. Confirm proper operation of the hydraulic controls and heater/chiller operations.
e. Confirm proper operation of data acquisition and controls software.
f. Complete the propylene glycol fill and degassing the chamber.
g. The Turn On Sequence can be completed in one day.

5) The Startup Process:
e. Distill the CF3I into the bubble chamber. Here the chamber is at 3C.
f. Slowly raising the temperature while monitoring the pressure and the position of the chamber.
g. Establish stable chamber operations at 35 degrees C.

6) Veto Tank Installation will begin once we’ve established stable operations. 
a. Fermilab or Soudan installation only.  At SNOLAB, this step would be installation of passive neutron shielding.
b. The veto tank will be lifted and lowered onto the shielding support base as seen in Figure 14.
c. The tank must be leveled.
d. Pumping the scintillator oil into the tank is a one day operation.
e. Photomultipliers tubes, bases, and network connections can be pre-installed in the readout compartment.
f. Confirm proper operation of the muon veto system.

7) Take Data.
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