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Outline 
• Requirements for MicroBooNE 
• Basic operation of a LAr cryogenics system 
•  The commissioning and operation of MicroBooNE Phase I 
— A stripped down version of the full purification system 

•  The remaining construction needed for Phase II 
— The full MicroBooNE cryogenics system needed for operation of 

the detector 
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System Requirements 
•  Liquid argon (LAr) kept at 88K 
• Prevent heat leaks which produce convective flow in the 

cryostat and ice build up outside 
• Need LN2 for cooling and obviously LAr, places 

requirements on infrastructure 
• Need low concentrations of electronegative contaminants 

(e.g. O2 and H2O) 
•  For MicroBooNE, our specs are < 100 ppt O2 (electron 

lifetime requirement drives this) and < 2 ppm N2 
(contaminant for scintillation light)  
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Operation of Purification 
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MicroBooNE Cryogenics 

Complex, but can be divided into two primary 
systems, cool-down and purification 

Cool-down system Purification system 
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MicroBooNE Cryogenics 
• MicroBooNE cryogenics 
system based heavily on 
LAPD (see talk by 
Michelle Stancari) 

• Few differences, such as 
using insulated piping 
instead of vacuum 
jacketed 

• Carries out similar 
procedure of purge, gas 
recirculation, and liquid 
filling 

• Cryostat 
– 150’’  ID    x    40  ft long    x    7/16’’  

thick; weighs about 70,000 lbs 
– Full Vacuum – 30 psig 
– About 35,000 gal. Liquid Argon 
– Insulated  by  16’’  Closed  Cell  Spray  

on Polyurethane 
– Supported by 2 High Density (12-

15 pcf) Polyurethane Saddles 
– Ribbed design 

Heat load calcs performed by Glenn Morgan 

Cryostat at DZero 

—  MicroBooNE cryostat has a 150” 
diameter and is 40 ft long and 6/17” 
thick 

—  Will be insulated with spray on 
Polyurethane (16”) for a heat leak 
of ~11 W/m2 

—  Will hold 170 t of LAr, fiducial 
volume of 60 t 
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MicroBooNE Phase I 
•  To gain experience and speed up commissioning of the 

full system, we operated a stripped down version of the 
cryogenics system 

• Elements included the pump, filters, gas analyzers, and 
purity monitor 

•  The original scope of the run plan was changed to 
incorporate the high-voltage cryostat (HVC) in order to 
test breakdown in liquid argon (see talk tomorrow by 
Sarah Lockwitz) 
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Phase I is a stripped down version of the 
full system 
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HVC 

Inline purity monitor 

Filter skids 

Pumps 

The interior components of the system are shown here 
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Phase I is a stripped down version of the 
full system 
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LAr Dewar 

LN2 Dewar  

The exterior components of the system are shown here 

Argon dewar for 
regeneration and 
actuator gas 
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We accomplished several milestones 
during Phase I commissioning 

•  Filters regenerated 
— Performed using a mixture of 

argon and hydrogen gas 

• Pump flow established 
February 18 

•  Filter flow established 
— Started February 19, going full 

speed on February 21 

•  Flow into HVC was 
achieved on February 26 
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Phase 1 Milestones Accomplished

!6

• Filters regenerated"

• Started February 3, finished 
February 13.  "

• Monitored closely and took it 
slowly for first go"

• Pumps started February 18"

• Filters brought into flow "

• Started February 19, flow 
established February 21"

• Delicate operation to ensure the 
pumps run stably during this step"

• Will not take as long next time"

• HVC brought into flow February 26

Evidence of LAr flowing 
through the system
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MicroBooNE employs gas analyzers to 
monitor purity   
• Capability to measure at 

several points in the 
system 

•  Two oxygen sensors, one 
at range of 0-500 ppm, 
another at 0-20 ppm with 
lower limit of 75 ppt 

• Water sensor covering 
0-20 ppm with lower limit of 
2 ppb 

• Nitrogen analyzer 
0-10 ppm 
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The clean-up was monitored with gas 
analyzers 

•  These plots show water and oxygen concentrations 
as flow was established through the filters 

12 



B. Carls, Fermilab MicroBooNE Cryogenics 

Filter regeneration 
• We have the capability to 

regenerate the filter 
material 

• Use heated mixture of 
2.5% hydrogen/97.5% 
argon gas 

•  Internal RTDs prevent 
overheating 

•  If needed we can vacuum 
out the filter material 
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The HVC and purity monitor 
•  The goals of the HVC 

included measuring 
breakdown at varying LAr 
purity levels 

•  The HVC sat behind the 
filters in the system 

•  Following the HVC sat the 
purity monitor, allowed 
measurements of HVC 
content 
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Measuring purity 
• Use purity monitors, 

consisting of a field cage, 
photocathode and anode 

• A quartz fiber optic cable 
carries UV light from a 
flash lamp to a gold 
photocathode 

• Measure electron signal 
loss from cathode to 
anode to find lifetime: 

Qanode =Qcathode × exp(−tdrift / τ )
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the purity monitor electronics module. Figure 10 shows a schematic of a purity monitor installed
in the cryostat.

Figure 10. A drawing (left) and schematic (right) of a liquid argon purity monitor employed in LAPD.

The LAPD system employs five purity monitor units at different locations. Each purity mon-
itor is contained in a stainless steel, perforated Faraday cage to isolate the system from outside
electrostatic interference. There are two types of purity monitors with different lengths and differ-
ent numbers of field-shaping rings: three long purity monitors that are 55 cm in length and two
short purity monitors that are 24 cm in length. The operational range of QA/QC for which a purity
monitor can make sensible measurements is about 0.05 - 0.95. Thus, longer electron drift lengths
correspond to operational ranges shifted to sample larger electron lifetimes. An assembly of one
long purity monitor and one short purity monitor is located vertically along the central axis of the
cryostat. Another identical assembly is located at a distance of 1.1 m away from the center of the
cryostat. Figure 11 shows a photograph of the assembly located near the cryostat periphery. One
long purity monitor, referred to as the inline purity monitor, is located in the circulation pipe to
measure the liquid argon purity before the liquid enters the cryostat. Three flash lamps are used for
the two purity monitor assemblies and the inline purity monitor. Table 4.2.1 shows the geometrical
characteristics and voltage settings of the purity monitors installed in the cryostat.

4.2.2 Data Acquisition

Measurements of the electron lifetime are taken several times a day using a Fermilab-designed
data acquisition (DAQ) program. Each measurement takes about one minute. The flash lamp
and the high voltage to the purity monitors are only powered during this time to protect the flash
lamp, minimize degradation of the quartz fiber and reduce dust/particle accumulation on the purity
monitor photocathode. The automation module will switch off both the flash lamp power supply
and high voltage to the purity monitor if the lamp has been flashing for more than 140 seconds. An
8-channel analog multiplexing unit (MUX) is used to select which purity monitor signal is readout.
Each channel of the MUX has four inputs, three of which read the cathode and anode signals
from one purity monitor after the amplifiers and the trigger signal from the inductive pickup coil.
Figure 12 shows a block diagram of LAPD purity monitor system.
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We have achieved on-spec purity 
• We have measured a 

lifetime of 3.5 ms 
(< 100 ppt) 

•  This a lower bound on 
the lifetime as systematic 
uncertainties have the 
effect on increasing it 

• Details on the 
measurement and 
hardware appears here: 
arXiv:1403.7236 
[physics.ins-det] 
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Wrapping up Phase I 
• Phase I operations ceased on June 2 
• Upon completion, the Phase I system began 
being reconfigured to allow the MicroBooNE 
cryostat to be moved into the building 

• Phase I was a great success, we owe a lot of 
thanks to a lot of people, especially Mike 
Zuckerbrot and Bryan Johnson 
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Phase II full installation 
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Compressor 
Condensers  

Mole sieve 
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Phase II nitrogen system 

• We will be using about 60 gallons of liquid nitrogen per 
hour 

• Used in the condensers and heat exchanger 
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Condensers  Phase separator 

Heat exchanger 
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Big elements remain for the Phase II 
installation 
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Cool-Down Compressor  Condensers 
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Big elements remain for the Phase II 
installation 
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•  The condensers here have 
been foamed up 

• One spare, the other active 
• Uses liquid nitrogen as 

coolant 
• Similar design to LAPD 
• Delivers 9 kW of cooling 

capacity 

Condensers 
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Big elements remain for the Phase II 
installation 
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• Powers the cool-down 
circuit (gradually cools the 
cryostat down to limit 
mechanical stress at the 
beginning of running) 

•  The cool-down circuit will 
hopefully only need to be 
used once 

Cool-Down Compressor  
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We owe a lot of thanks to many people! 
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Summary 
• Phase I was a success, we accomplished our goals of 

operating the cryogenics system without the MicroBooNE 
cryogenics system in place 

•  The system performed well in delivering liquid argon at 
varying levels of purity to the HVC 

• Phase II construction will be in full swing soon, waiting on 
the cryostat to be foamed 
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Back-up 
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Filter details 
• Molecular sieve based on 

208604-5KG Type 4A 
material (Sigma-Aldrich) 

• Oxygen filter uses CU-0226 
S 14 × 28 (Research 
Catalysts, Inc.) 
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Purity monitor systematics 
• We assume the acceptance of electrons hitting the anode 

is 100%, this is likely lower, electrons that traversed the 
entire purity monitor length will not be counted, this makes 
QA  smaller 

•  The possibility exists that electrons could be absorbed by 
the cathode grid, thus the value of QC is an upper limit 

•  There is additionally an uncertainty of the RC time 
constant, this will also drive up the value of QA/QC 
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