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100% R&D 100% 
Physics 

Materials/
Electronics Test 
Stand LAPD 

ArgoNeuT 

• 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 

????? 

Multikiloton 
LAr detector 



Outline 
• Requirements and basic operation 
• ArgoNeuT 
— First FNAL experience with LAr TPCs in a beamline 

•  Liquid Argon Purity Demonstrator (LAPD) 
— Walkthrough of operation 
— Purity measurements (including one coming from the TPC) 

• MicroBooNE 
— The system 
— Differences from LAPD 

•  Towards LBNE 
— The 35 ton prototype 
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dE/dx of 1 MIP: 2.1 MeV/cm 
Electron drift: 1.6 mm/µs 

Ion drift at 8mm/s 
or 2min/m 

How does a LArTPC work? 

Slide from Bo Yu (Brookhaven) 



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 < 1 ppm N2 
(contaminant for scintillation light)  
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Operation of Purification 
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Condenser 
Cu O2 filter 

Mole sieve 

LAr cryostat 

LAr pump 

LAr 

GAr 



ArgoNeuT 
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ArgoNeuT 
•  First experience at 

FNAL of having a 
LArTPC in a beamline 
(NuMI) 

•  Took data in the 
0.1-10 GeV neutrino 
energy ranges, 
~1.4E20 protons on 
target  

•  Inner cryostat 
contained 500 liters 
LAr, 170 liters fiducial 

8 



ArgoNeuT 
• Start of operation utilized 

three cycles purge of 
vessel with GAr followed by 
evacuation 

• Cryogenics for ArgoNeuT 
operated without a pump, 
relied on gravity 

• Evacuation no longer 
practical though for larger 
cryostats, doesn’t 
guarantee purity either 
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CryoCooler 

Gas inlet Filters 

Cryostat 



LAPD 
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Liquid Argon Purity Demonstrator 
•  The Liquid Argon Purity 

Demonstrator (LAPD) serves 
as a workhorse test bed for 
liquid argon R&D at FNAL 

•  First large scale system at 
FNAL, invaluable experience 

• Demonstrated purification 
without evacuation of a 30 ton 
cryostat for the first time 

• High electron lifetimes have 
been achieved, on the order of 
5 ms 
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Purge%from%Air%

•  Room%temperature%argon%gas%injected%into%tank%bofom%

pushes%less%dense%air%out%the%top%

•  AZer%the%argon%piston%pushes%the%majority%of%air%out%of%the%

tank%this%becomes%a%perfect%mixing%purge%

•  5%Z3/min%argon%gas%injecRon%rate%

–  3.8%Z/hr%argon%piston%rise%rate%
–  2.9%hrs%per%volume%change%

–  7.5%total%volume%changes%

•  O
2
%O%21%%to%6%ppm%

•  N
2
%O%78%%to%18%ppm%

•  H
2
O%–%200%ppm%to%1.2%ppm%%

•  Tank%was%ac)vely%purged%with%breathable%air%during%the%9%
months%between%runs%1%and%2%to%protect%from%ambient%
moisture%

6%

The Purge 
• Pump warm argon gas 
into the tank  

• Argon gas acts as a 
piston pushing ambient 
air out 
—  O2 from 21% to 6 ppm 
—  N2 from 78% to 18 ppm 
—  H2O from 200 ppm to 

1.2 ppm 
 

Plot%of%purge%from%Air%to%Argon%

8%
Plot%by%Benton%Pahlka%
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Gas Recirculation 
• Run gas through filters, same as for the liquid 
• Useful for debugging 
• Aim to bring H2O outgassing rate to match filtration rate 
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Caused by leak 



Introduction of Liquid 
•  Have used liquid from 

both a commercial 
vendor (first phase) 
and D0 (second 
phase) 

•  The D0 argon was 
exceptionally clean 
(could not actually 
measure H2O in it) 

•  A pump circulates gas 
through a condenser 
and filters 

Condenser 

Cu O2 filter 

Mole sieve 

LAr pump 

GAr 

LAr 
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Measuring purity 
• Use purity monitors, 

consisting of a field cage, 
photocathode and anode 

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

• Observed lifetimes on the 
order of 5 ms, consistent 
with TPC 

Qanode =Qcathode × exp(−tdrift / τ )

Error bars do not include systematics 
One volume exchange takes ~8 hours 
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Based on the ICARUS design 



Long Bo TPC 
• Phase II of LAPD saw the 

introduction of a TPC, 
Long Bo 

• Set out to see cosmic 
rays and measure LAr 
purity (the ultimate purity 
monitor) 

• Also check if introduction 
of TPC altered purity 
through outgassing 

• Opportunity to test cold 
electronics for 
MicroBooNE 

 Long Bo TPC, equipped with 
electronics from MSU 
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Attenuation with Long Bo 
— Select single muon events 
between 50° < θ < 70° and remove 
δ rays 
— Use dQ/dx of muon hits as a 
function of drift time to measure 
charge attenuation 
— Less than 20% attenuation over 
1 m 
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Work done by Michelle Stancari and Tingjun Yang 



Robustness 

Obtained great electron 
lifetimes, even with some 
stowaways (from Phase I), 
system is robust 
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Element extraction 

Extraction of an 
temperature detector had 
no noticeable effect on 
purity  

19 



From LAPD Onward 
• Evacuation not needed to 

meet purity requirements, 
simplifies design of later 
cryostats 

•  Learned how to build and 
operate a robust, large 
scale system 

•  Introduction of a TPC did 
not affect purity, facilitated 
powerful purity 
measurements 
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15 pcf) Polyurethane Saddles 
– Ribbed design 

Heat load calcs performed by Glenn Morgan 

Cryostat at DZero 

MicroBooNE 

????? 

Multikiloton 
LAr detector 



MicroBooNE 
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MicroBooNE Cryogenics 
• MicroBooNE 
cryogenics system 
based heavily on LAPD 

• 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  

—  Will hold 170 t of LAr, fiducial 
volume of 60 t 
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MicroBooNE Evacuation? 
• The MicroBooNE 
cryostat was designed 
to be evacuated 

• However, after the 
success of LAPD we 
will proceed with only 
the purge 

• Evacuation does not 
guarantee purity, as 
learned from ArgoNeuT 

• 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 
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Note, the cryostat is on it’s 
side here 



MicroBooNE Cryogenics 
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• 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 Cryogenics 

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

Cool-down system Purification system 
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Cool-Down System 
• After the purge and gas 

recirculation, we cool down 
the gaseous argon to 
prevent mechanical stress 

• A plate fin heat exchanger 
delivers cooling  

•  The circuit is powered by a 
compressor 

• Hope to use the circuit 
once, will run for a few 
weeks 
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Testing delivered LAr 
• Our spec for delivered LAr 

is 1 ppm O2 and H2O, 
3 ppm N2 

• We test if the argon is up to 
spec using a series of 
sensors operating via a gas 
manifold 

• We have the ability to store 
up to two trucks worth of 
LAr in a buffer dewar 
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Purification System 
•  The purification system 

removes contaminants from 
both delivered Ar and Ar 
coming from the cryostat 
vessel 

•  Two types of filters used 
— Molecular sieve, based on 

208604-5KG Type 4A material, 
removes H2O 

— Another copper based filter, 
CU-0226 S 14 X 28, removes 
O2 

•  Filters designed at FNAL 
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Purification System 
• The filters will 
eventually get saturated 
with H2O and O2 

•  Fortunately, the filters can 
be regenerated in place 
— We will supply a combination 

of H2 and argon at 200° C to 
remove contaminants 

•  The filter material can be 
removed if necessary 
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Purification System 
• The system is 
powered by two 
Barber-Nichols 
centrifugal pumps  

• Capable of 10-12 
gallons a minute, 
each 

• Recycle the LAr in 
the cryostat once a 
day 
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Purification System 
• The system is 
powered by two 
Barber-Nichols 
centrifugal pumps  

• Capable of 10-12 
gallons a minute, 
each 

• Recycle the LAr in 
the cryostat once a 
day 
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LBNE 
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LBNE Cryostat 
•  First difference from LAPD 

and MicroBooNE is that 
LBNE will utilize a 
membrane cryostat 

• Widely used for tanker 
vessels and reliable, easy 
to install underground 

•  LBNE will use more than 
20 kton LAr 

•  LBNE will use similar 
approach as LAPD and 
MicroBooNE: purge and 
purify 
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35 Ton Prototype 
• A prototype of the 

membrane cryostat for 
LBNE exists right next to 
LAPD 

• Capitalize on existing 
infrastructure at LAPD 

•  Two runs in mind: 
— Phase 1 is to prove required 

purity can be achieved 
(> 1.4 ms) 

— Phase 2 will introduce two 
TPCs 
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Conclusions 
• Each step builds off of the last, from ArgoNeuT to LBNE 
•  LAPD has been widely successful 
—  Electron lifetimes on the order of 5 ms have been achieved 
—  Purity without evacuation successful, that combined with 

experience with ArgoNeuT indicates evacuation not necessarily 
critical 

• MicroBooNE will soon run, giving us even more 
experience with cryogenics and purification 

•  35 ton LBNE prototype will run this summer 
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Backup  
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Importance of the Purge 
•  Liquid argon is 871 times more dense than gaseous argon 
— 6 ppm O2 vapor contamination adds only 7 ppb O2 to the 

equivalent liquid volume 
— 18 ppm N2 vapor contamination adds 21 ppb to the equivalent 

liquid volume 

• Also helps to limit contamination from volumes connected 
to the tank that cannot be evacuated 
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