Liquid Argon Detectors at Fermilab: From
R&D to LBNE

Looking down'® -cooled surface of
~30tons of LAr from 3 feet above

Brian Rebel
| October, 2013



Outline

Fermilab neutrino program
Long Baseline Neutrino Experiment
Brief introduction to LArTPCs

Fermilab development towards LBNE




Neutrino Oscillations in the Future

® \We have learned a lot about neutrino
oscillations - measured 2 mass
splittings and 3 mixing angles

® Future questions to answer about
oscillations

® |s the PMNS matrix sufficient to
explain oscillations?

® Are there more neutrinos than the 3
active flavors?

® |s CP violated?

® What is the mass hierarchy?

Is 8>3 maximal?

® Background rejection is key when every
signal CC Ve interaction is gold
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Fermilab Neutrino Program

® Fermilab long-baseline program
characterizing patterns of neutrino masses
and mixing

e MINOS(+) = NOVA — LBNE

® Will determine mass hierarchy and CPV in
neutrinos

® Fermilab short-baseline program exploring
whether PMNS matrix tells the whole story

® MiniBooNE — MicroBooNE —
VSTORM(?)

® Cross section measurements facilitate these
goals

 MiniBooNE — MINERVA — MicroBooNE ™ @ Time projection

o)
N Chamber
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® Fermilab long-baseline program
characterizing patterns of neutrino masses
and mixing

e MINOS(+) = NOVA — LBNE

® Will determine mass hierarchy and CPV in Z& ,/ V
neutrinos

® Fermilab short-baseline program exploring
whether PMNS matrix tells the whole story

Welded
Removable

" End-Cap

® MiniBooNE — MicroBooNE — L
VSTORM(?)

® Cross section measurements facilitate these

goals

® MiniBooNE — MINERVA — MicroBooNE

6



Fermilab Neutrino Program

® Fermilab long-baseline program S 3 = AR
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700kWV, 60-120 GeV proton beam that can be upgraded to 2.3MW
Planned near detector for understanding beam at production
Far detector is at |300km, ultimately positioned underground

Staged process, initial approval for 10 kt LArTPC on surface but can be
changed before project baseline is finalized

Snowmass process confirmed community desire for 34 kt underground

Actively seeking foreign partners to accomplish these very high priority
goals - many UK groups have joined the experiment, Italians also interested

Initial phase will be a major advance for neutrino oscillation physics
8
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LBNE Physics Reach
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Electric field established between
cathode and readout planes

e drift directic%

Minimum ionizing particle releases 55k e/ Cathzde 'VG;V
cm 05->2m
Electrons drift toward readout planes /\
with velocity of 0.155 cm/ls for E =
500V/cm - need > |.6 ms for 2.5 m drift
(dE/dx) for minimum ionizing particle Induction Plane Pulse >

is 2.1 MeV cm?/g /\ Time

Collection Plane Pulse




Why Argon!?

i e Ne Ar Kr Xe

N 373 27.1 87.3 120.0 165.0

Density [g/cm’] | 0.125 1.2 1.4 2.4 3.0
Radiation Length [cm] 36.1 755.2 24.0 14.0 4.9 2.8

Scintillation [ ¥ /MeV] - 19,000 30,000 40,000 25,000 42,000

dE/dx [MeV/cm] 1.9 |.4 2.1 3.0 3.8
Scintillation A [nm] 475 78 128 150 |75

Cheap and easy to obtain - |% of atmosphere, $1 / L (cheaper than Pepsi)
Relatively high boiling point
Produces lots of scintillation light as well as ionization

Low threshold for producing ionization electrons, good position
resolution (mm)

Good liquid for having large electric field running through it
I



ICARUS

1 - High Voitage Fesathrough e e b ) //,»'
2- Cathodas o e [t N

3 - Figld Shaping Electrodes e gl 1
4 - Valtage degraders [ . S //JJ/-
5« Eiectran daft Directions e e, [ A

& - Readout Wire Chambers . — ﬂ v

7 = Inner Ligind Argan Vessel

8 - Therma nswlalion Panals e

9 - Signal Feedthrowugh Chimnays 7 5 —F 4 Fl T ]

® First large liquid argon detector

® Culmination of 20 years of effort -
50L—>3t—300t

® Provided solid foundation for future
efforts
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CNGS Vin
ICARUS



Fermilab Development Efforts

Photon

Detection Purity

Software i Experiment Cryogenics

DAQ TPC
Electronics /HV

The Fermilab LArTPC program covers all major areas and is built on
experience from abroad - now a world class program

Each area of development informs multiple other areas; new efforts
emerging and older efforts being phased out

Experiments, test beam or large sca3|e, sit at the center of the process
I



Purity and Cryogenics

L
C. 2

Keeping liquid argon free of electronegative
impurities is crucial for operation of LArTPCs



Materials Test Stand (MTY)
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Goals are to develop puriﬁcatibn techniques and qualii:y materials that are
intended for use in LArTPCs

Commercial LAr passes through molecular sieve to remove water then
activated copper to remove oxygen .



Primary Results from the MTS

Argon In Y A
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Direct relation between electron lifetime and water concentration
No change in electron lifetime when materials are in liquid
Water concentration in vapor space influenced by materials in vapor space

Condensed liquid argon should not be returned directly to the bulk liquid
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Liquid Argon Purity Demonstrator

LAr condenser particulate filter

LN2 phase
separator

,-
» \\

o y
X ;f !’.'

Primary goal: show required electron lifetimes can be achieved without
evacuation in an empty vessel using gaseous argon purge, followed by
gaseous argon filtration, followed by liquid argon fill and filtration

17
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Gaseous Argon Purge
02, H20, and N2 During Tank Purge

L
C. 2

® Oxygen 21% -> 3.2 ppm

® Water 300 ppm—>1ppm——
@ Nitrogen 78% -> 8.7 ppm

Volume Changes

18



attenuation

Electron Attenuation in LAPD

Tt

L. 2

® Plots below show the clean up of the liquid argon for |15 cm drift
distance

® Attenuation is at the level of 10% now, corresponds to lifetimes > 5 ms

® |APD is first to show these lifetimes are achievable without evacuation
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Long Bo in LAPD

® A2mlong TPC is located in the volume -
Long Bo

® Test bed for cold electronics and HV feed
throughs (100 kV needed for 2m drift,
currently at 75 kV)

® First tracks seen in non-evacuated vessel

Iectronics from MSU

4%
- E‘ ’
!
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Long Bo in LAPD

® A2mlong TPC is located in the volume -
Long Bo

® Test bed for cold electronics and HV feed
throughs (100 kV needed for 2m drift,
currently at 75 kV)

Ry First tracks seen in non-evacuated vessel
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Measuring Attenuation with Long Bo L,

L. 2
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35 Ton Membrane Cryostat Prototype #

Demonstrate membrane
cryostats are appropriate for
high purity uses

«N.

Uses LAPD filtration system

Plate B
N7) <
=y o , .

- 5 - 0 Stainless steel primary membrane

9 Plywood board

9 Reinforced polyurethane foam

Plate A

[,000 mr
3,504 mm-

9 Secondary barrier
6 Reinforced polyurethane foam
@ Plywood board

6 Bearing mastic

@ Concrete covered with moisture barrier

Concrete 4,104 mm




35 Ton Membrane Cryostat Prototype #

Demonstrate membrane
cryostats are appropriate for . i

high purity uses |
«NB—‘M

24



35 Ton Membrane Cryostat Prototype

| Parameter | vVale

® Cryostat is now

LAr Temperature 89K = 1K
Complete Operating Gas Pressure 70 mBar (~ 1 psig)
Nacoim No Vacuum, we will SLOWLY purge it with GAr
® Process piping is nearly {oEe TARD)
Design Pressure 207 mBar (~ 3 psig)

complete, expect to

106 mBar*|/sec

purge very soon i (with NH3 leak check, ASTM standard)
Heat Leak <13 W/m2 (~11.5 W/m?)
® First run will test use of Applicable parts of JGA Recommended Practice for LNG
. . . Design Code In ground storage tanks
in-liquid pumps FESHM 5031.5

25



Cold Electronics

L
C. 2

Keeping noise levels low and preventing signal
degradation

26



LBooNE/LBNE: Cold Electronics

A primary goal of UBooNE is to

understand running cold electronics in a
LArTPC

Electronics are being designed primarily
by BNL, will be used in LBNE too

EEEEEELEL >':

Tests show o NN 'g SRR | RhE m R

o Noise at 87k is half that at 300k Heat d|5$|pat|on of 5 mW/channel

. . . e ENCvs. T - Cd=100pF
® crosstalk is < 0.3%, gain variations are " ¥

7% Noise vs Temperature
Stress tests also performed show no /L
problems after many immersions in LN2
Electronics designed for > 30 year
lifetime

400

BNL experience from ATLAS and NA48
calorimeters show very low failure rate : 6w s m s we

over many years
27



LBooNE/LBNE: Cold Electronics

A primary goal of UBooNE is to » .
understand running cold electronics ina = it
LArTPC

...........

Electronics are being designed primarily S8 . = 2
by BNL, will be used in LBNE too o 5

33333 | NS

Tests show Sl v T e
® Noise at 87k is half that at 300k Crosstalk Measurement

® crosstalk is < 0.3%, gain variations are
7%

Stress tests also performed show no
problems after many immersions in LN2

d
1

Crosstalk [96]

Electronics designed for > 30 year
lifetime

BNL experience from ATLAS and NA48
calorimeters show very low failure rate
over many years

28



L
C. 2

Light Collection

LAr produces scintillation light that can be used for
triggering and possibly calorimetric reconstruction

Very useful in the absence of an accelerator signal

29



Light Guides

MicroBooNE - 1 IU Paddles 4&
- and SiPM

Light collection requires shifting 128 nm
light to visible range for photodetectors =
to have reasonable quantum efficiency

Common wavelength shifters, TPB and
Bis-MSB degrade when exposed to UV
light

New cryostat for testing various light
collection techniques - 56 cm diameter
and 152 cm height with argon delivery
and filtration

|U is first customer and is testing
paddle system for LBNE

Can be used to test other
photodetectors like LAPPDs



Light Guides

Light collection requires shifting 128 nm
light to visible range for photodetectors
to have reasonable quantum efficiency

Common wavelength shifters, TPB and
Bis-MSB degrade when exposed to UV
light

New cryostat for testing various light
collection techniques - 56 cm diameter
and 152 cm height with argon delivery
and filtration

First customer will test paddle system
for LBNE

Can be used to test other
photodetectors like LAPPDs

31



TPC and High Voltage Feed Throughs #

Have to create a field of order 500 V/cm over many
meters for large neutrino detectors

32



High Voltage Feed Throughs e

L. 2

High Voltage in Noble Liquids
Workshop November 8-9 at

™

Fermilab

https://indico.fnal.gov/
conferenceDisplay.py?confld=7394
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Fields of 500 ch equire 50,000 V at cathode for each meter of drift

Several considerations when designing feed throughs
® Commercial ceramic feedthroughs assume vacuum on one side
® Gas or ionization near feedthrough conducive to sparking, bubbles too

ICARUS constructed first large HV feed through for LArTPCs, operated up
to -150 kV

Prototype for Long Bo and MicroBooNE working at -70 kV
33
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Building TPCs
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MicroBooNE TPC is built and wires attached - 2.5 mx 2.5 mx |0 m

Lots of valuable experience gained in this process - understanding how to
work with various materials, tolerances on things like the flatness of the
cathode plane

LBNE TPC has a different design - hanging planes for cathodes and anodes

34



Building TPCs

MicroBooNE TPC is built and wires attached - 2.5 mx 2.5 mx |0 m

Lots of valuable experience gained in this process - understanding how to
work with various materials, tolerances on things like the flatness of the
cathode plane

LBNE TPC has a different design - hanging planes for cathodes and anodes
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Building TPCs

LBNE - TPC Construction Sequence

ARUP

o Sanford

® MicroBooNE TPC is built and wires attached - 2.5 mx25mx [0 m

® |ots of valuable experience gained in this process - understanding how to
work with various materials, tolerances on things like the flatness of the
cathode plane

® | BNETPC has a different design - hanging planes for cathodes and anodes

35



Test Beam Efforts

L
L. 2

Understanding the performance of LArTPCs

36



ArgoNeuT

® First LArTPC in a low energy neutrino
beam - mostly R&D, but with some
Physics thrown in

® Ran May, 2009 through February, 2010

500 Liters
|75 Liters
480
4 mm
JFET (293 K)
0.5m (330ps)

None

37
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-38
do/d6, (<10~ "cm?/degree/Ar)

First Cross Section Measurements on Arth

L. 2

- +Measured data (w/ stat. and total error) < 30 +Measured data (w/ stat. and total error)
8 GENIE expectation % [ GENIE expectation
= S L
e - é 25
6 - T ,oF
- 1 5 L
5E- L 8 r
S gh o L
afF 1T % 15C
2 L =
3 o -1
: s $ 1o
2 T =
- - 5 :_
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Differential cross section measurements are the industry standard

Measurements agree well with prediction from GENIE Monte Carlo
generator __

0/E,=(7.3£1.2)x1073 & (E,) = 4.3 GeV
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ArgoNeuT Particle Identification

§ «p identification
% E - muon hypothesis MC
E 40 3 - pions hypothesis MC

X 35 1 kaon hypothesis MC

S | - proton hypothesis MC
e 30! ¥ data

v

il ' ' 100 120 140 160 180
Induction Plane Wire

1 l’ ] l’ L d lr L 1 1
15 2@ 25
residual range (cm

U/TT separation -

- pions hypothesis MC

- muons hypothesis MC 600

10" v aate 400 |0
200 | 1

dE/dx (MeV/cm)
=

0 80 100 120 140 160 180 200 220 240
Collection Plane Wire

® /1T separation difficult based on dE/dx
% alone, need to use event topology as well
2- . vy

TIPS TOVINT TP IPTIN TN NPT S Pr4cgtons id’ed as heavily ionizing particles

residual ranae (cm)



LAr In A Test Beam (LArIAT)

A major question to come out of the o
2009 Fermilab sponsored LAr R&D ::: ICARUS EM
review was How well known are the aosf- ¢ Shower Energy
energy resolution and particle E Resolution
. . . oo o 0.04
identification capabilities of a LArTPC? G
o.ozE— T 4.
Previous estimates of energy g ST R T e e
) % 10 20 2 0 50 80 70 80
resolution from 50L WARP test stand, e
ICARUS T6OO on Surface’T32 at Corrected De/Dx first 2.4 cm preliminary
PARC
J 450 + .
wi © Y—e'e
Need data from particles and energies ™
expected In neutrino experiments: e, . PRELIMINARY
P’ 1T, H 200

100

Two phased approach 5

8 10
4 | corrected De/Dx over 2.4cm [A.U.]



LArlAT Participants

L
C. 2

Imperial College

[ IS r’-r Y o
London

|8 Institutions
50+ physicists

7Lo2 Alamos

NATIONAL LABORATORY
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Argonne

NATIONAL
LABORATORY

CHICAGO
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mt‘ | Exco-

cnna | lator
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YM The University of Texas

ARLINGTON..

MICHIGAN STATE
UNIVERSITY




Phase |: Upgraded ArgoNeuT

Get started as quickly as possible
Upgrade ArgoNeuT to start
PMT to detect scintillation light

Minimize amount of steel between
the beam and LAr

Upgraded filtration system

Possible upgrade of the TPC to
use cold electronics

Study charge to energy conversion
with single track topologies

Also will study initial ionization for

elY separation
43
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Phase |:Upgraded ArgoNeuT

40

® Get started as quickly as possible

30

20

dE/dx (MeV/cm)

® Upgrade ArgoNeuT to start

-

w a0 O NOOO

® PMT to detect scintillation light

® Minimize amount of steel between
the beam and LAr

10s
T (MeV)

® Ubpgraded filtration system

® Possible upgrade of the TPC to
use cold electronics

® Study charge to energy conversion
with single track topologies

® Also will study initial ionization for

elY separation
44



Phase 2: TPC Size

Hadron containment determines the

Tt
.

Fraction of Evts with 95% Containment vs Detector Radius for x°

scale of the detector - interaction §100
length is 80 cm § 5
Muons lose 2.2 MeV/cm and radiation 6o
length is 14 cm -
~2 m diameter will contain 95% of total
energy for at least 20% of the

CO

interactions from 0.5 - 4 GeV pions

> : —— 0.5GeV/c
y . R T — 1.0GeV/c
' ' — 1.5GeV/c

__ |7 2.0GeV/c
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Studies by P. Guzowski and . Huang

Fraction of Evts with 959 Containment vs Detector Length for =

Length should be >3 m for similar
containment in that direction

3

Illlllllllllllllllll

o
o

Fraction (%)

Costs and hall size combined with
containment indicates TPC be on the
scale of 2m x 2m x 3m

(o2}
o

F
o

Would make cryostat longer for ?

upgrades o5
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Initial Filter Cryogenic Pump

Fermilab provides the facilities, other groups provide the active detectors
Cryogenic pumping and filtration system under construction now
Optimizing tertiary beam used for MINERVA underway

Build cryostat to allow convenient access to inside of vessel

Imagine exchanging electronics, light collection systems, TPCs, etc during
several year program

46



LArlAT Physics Program #

® Measurements to be made include

EM shower energy resolution (Phase |, Phase 2)

Hadronic shower energy resolution, visible vs invisible energy
(Phase 2)

Directionality of through going particles using delta rays (Phase 2)
Particle identification (Phase | and Phase 2)

dE/dx for several particle species (Phase | and Phase 2)

Light collection efficiency (Phase | and Phase 2)

Surface operation in a high cosmic ray rate environment (Phase 2)
Studies of proton decay backgrounds (Phase 2)

Diffusion studies over long drift distances (Phase 2 and beyond)

47



LArIAT Timeline

LBNE LBNE
Prototype Prototype
Phase | Phase 2

MicroBoolNe Construction MicroBooNe Data Taking

LArIAT Stage | LArIAT Stage |
Construction Data Taking

\ 4
1 rrrr-rrerrerrrrrl
1t 1 1t 1t 1r 1 [ 11
Summer Winter Summer Winter Summer Winter Summer Winter Summer
2013 2014 2014 2014 2015 2015 2016 2016 2017

LArIAT Stage 2 TPC
Design and Construction

LArIAT Stage 2 Data
Taking

LArIAT Stage 2 Cryostat Design, Construction and Installation




Software

L
C. 2

Simulation, Reconstruction, and Analysis

49



LArSoft #

analysis framework for any LArTPC

® Goal is to have a fully automated simulation and
reconstruction for any LArTPC

6 GeV muon
simulated in LBNE10\2

® LArSoft is a simulation, reconstruction and / T 1

® LArSoft leverages the efforts of a variety of

experiments into a single product Reconstructed cosmic

~rays and neutrino
® Accreting a lot of new effort thanks to the LBNE IMLErACIDD
technology decision and pBooNE construction

® Now managed by Fermilab Scientific Computing

LArSoft Documentation at
https://cdcvs.fnal.gov/redmine/projects/larsoftsvn/wiki
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Outlook #

® | BNE will produce compelling results for neutrino oscillations and
astrophysical topics

® Fermilab has dedicated program to make multi-kiloton scale LArTPCs
® Materials test stand is informing choices on materials and construction

® | APD has shown that electron lifetimes of > 5 ms can be achieved
without evacuation and in the presence of a TPC

® (Cold electronics to be tested in UBooNE before use in LBNE
® ArgoNeuT has published first cross section results for argon
® LArIAT will provide important input for physics analyses of LBNE

® Demonstrating the technology with test stands and smaller experiments
is crucial to making large neutrino detectors for LBNE and beyond

® Summary of US LArTPC development efforts at http://arxiv.org/abs/
1307.8166 5|
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CNGS Vin
ICARUS

CC Ve

® |ncredible resolution in drift direction - very important for distinguishing
NC 119 events from CC Ve

® |mportant for cross-section measurements as well as oscillation parameters

® LArTPC resolution: ~0.05 cm in drift direction, transverse direction
depends on detector geometry (mm)

® | ow energy threshold: ~10 MeV
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LAr Purity - How Pure!?

Poor lifetime reduces the dynamic
range and strains electronics

|00 parts per trillion (ppt) O-
equivalent corresponds to an
electron lifetime of 3 ms

The product of the contamination
and the lifetime is a constant, so for a
|0 ms lifetime you need 30 ppt O3
equivalent

In a field of 500 V/cm the drift time
for | mis then 0.63 ms
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Free electron attenuation

0,8

0,6

0,44

0,24

E = 0.5 kV/cm

——— ———

i > 5 a4
Maximum drift path, m

From C. Montanari, June 2007




Fermilab Program for Understanding Purity

The mantra is to learn and keep learning from existing systems, like ICARUS

In addition, we want to develop experience with filters, cryogenics, pumps and
electronics

Use home grown test stands to get the experience and push the development

Test stands allow us to judge suitability of materials to use in a LArTPC (MTY),
and understand how to achieve large drift lifetime without evacuation
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MTS Schematic

Liquid Argon Purification and Materials Test System

Commercial LAr is passed l 1 j@
through molecular sieve to e | JWJWV | i, o,
remove water and copper to — 4
remove 02 | J \: i} ;:;éondenser -t
Cryostat has airlock to allow T A & et || ] ensirnon s
insertion of materials, sample Tﬂ% ,:—‘ = ;:';-*W Ln : _Lnjzt_._g
cage (1000 cm?3) can be placedat  * == 1, i L
S | s = ‘

any depth ﬁ 2| f

. . LAr ‘ : "3 g )
LN2 condenser used to liquify Ar SISO

boil off gas, in situ filter used to s Y .

re m Ove CO ntam i n ants H20 Molecular Sieve 02 Filter  Sintered Filters Sample Cage ~ Cryostat  Purity Monitorrﬁ V.P. Filter
S. Pordes, C. Kendziora, T.Tope (FNAL)

Measure H,O and O; concentrations to 0.5
ppb, e lifetimes 0.3 - 10 ms

Several locations where samples can be
taken/tested for contamination

Can inject known contamination of gases
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Condenser Surprises

25 ]
Condensed argon exits condenser —
from 1 inch tube concentrically - T
Condenser On Condenser On above 1.5 inch filter housings  [T_— l

20 <€ > <=3

AN
A 4
o
i O_,—
)

1.5 inch tube with
no filter material

15

3/8 inch stainless steel l

tube, slightly spiraled -«— Sintered materials

housed in 1.5 inch
stainless steel tube

4" [
[
\‘ 1
\ \ Sintered glass,

10

«m—|mpurities (Constant/Lifetime)

Drift Lifetime (ms) or Imprurities

~—&— Electron Lifetime

10-15 um pores

0 + - - \
|

1/29/08 6:00 1/30/08 6:00 1/31/08 6:00 " '| Stainless steel wool

Sintered metal, 10 um pores

Initially, operation of the condenser caused electron lifetime to drop
Condensed liquid rained directly into the bulk liquid

Several tests through various return paths showed that increasing cold metal
surface area on return to liquid improved lifetime

Hypothesis: impurity desorbs from warm surfaces, gets mixed into liquid in
condenser

Depending on return path, impurity can adsorb to cold metal on return to liquid

and be removed
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What is the Impurity?

10

== H20 Concentration |
~&—Electron Lifetime

8 A
| Opened Closed ,\/\’/ W\

Airlock Airlock

Lifetime (ms) or H20 Concentration (ppb)

0 T \ ,
4/3/09 0:00 4/4/09 0:00 4/5/09 0:00 4/6/09 0:00

® Source must be something that remains on metal surfaces in vacuum and has an
affinity for cold surfaces: Water is a clear suspect

® Moisture analyzer with 2 ppb detection limit used to monitor water concentration
in cryostat

® Water concentration increases when airlock is open to cryostat, electron lifetime
decreases
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Data from Various Materials

Material Date test started Preparation Tests Water [ppb] | Lifetime [ms] | LogBook #

Cleaning Solution 6/29/09 evac. 24 h vapor/liquid 4 5 946
Vespel 7/9/09 evac. overnite liquid/vapor 5-7 2-5,4-6 960
MasterBond glue 7/16/09 purged 18 h vapor/liquid 1.6 1.3-2.9 974
LEDs 7/31/09 purged 38 h vapor 3.5 5 993
Carbon filter material 8/12/09 evac. 24 h liquid/vapor 2 4-9 1000
962 FeedTru Board V2 10/12/09 evac. 24 h vapor/warm 85 1-5 1062
Teflon cable 1/9/10 purged 28 h warm/liquid/vapor 8-20 2-5 1175
3M "Hans" connectors 1/29/10 purged 46 h warm/liquid/vapor 5-12 3 1198
962 capacitors 3/2/10 evac. 24 h warm/liquid/vapor _6-14 3-6 1228
962 polyolefin cable 4/12/10 evac. 16 days warm C 2560 ) 2 1237
Rigaku feedthrough 4/20/10 purged 7.5 h warm st 3 1250
Rogers board (Teppei) 4/23/10 purged 26 h warm/liquid/vapor 40 2,6-10 1254
Arlon Board (Teppei) 5/14/10 evac. 0.5 h, pur.2 daygwarm/vapor 300,80 1.3, 3.5 1263
Polyethylene tubing 5/24/10 evac.6 h, pur.66 h |[warm 300-50 1 1278
Teflon tubing 5/27/10 evac. 1 h, pur.17 h warm E 9-13 ; 4-5 1283
Jonghee board 5/28/10 evac. 6 h, pur. 1.5 h |warm/vapor 700,28 1.2, 5-8 1285
Jonghee connectors 6/4/10 evac. 3.5 h, pur. 16 h |warm/vapor 50 2-3 1290
PVC cable 6/14/10 evac. 29 h, pur.1 h warm 120 1-2 1296
Teppei TPB samples 8/3/10 purged 26 h warm 600-1600 0.7 1342
Teppei TPB samples 9/4/10 purged 37 h liquid /vapor 15, 300 6

PrM feed tru (baked) 10/5/10 purged 25 h warm/vapor 35, 20 3,2 1396
Copper foil on mylar film 10/14/10 purged 26 h warm/liquid/vapor 15,10, 9 3,8,7 1409
Teppei SHV connector 10/25/10 purged 25 h warm/vapor/liquid 35,11,0 ,6,6 1415
FR4 11/16/10 purged 25 h warm/liquid/vapor 80, 20, 1.5,6,25 1429
Gaskets 3M11/11 purged 24 h warm/liquid/vapor \ 25,8,7 1521
LBNE AP-219 Color. Developer 4/13/11 purged 25 h warm/vapor 65, 15 4,>6 1722
LBNE RPUF Foam 4/22/11 evac. 26 h, pur.1 h. [warm 800 0.2 1729
LAPD LEDs 5/12/11 purged 49 h vapor 0.6 ppb 10 1769

Significant correlation with data in water-content database at
outgassing.nasa.gov

FR4 is fine to use in the liquid, don’t place it in warm gas

Teflon tubing is far superior to polyethylene tubing
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250000

Gaseous Argon Purge #

Experimental vs. CFD Results (Time Shifted)

Near Vessel Center
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Time from Purge Start (hours); CFD shifted to simulation time + 0.42 hrs

Set of sniffer tubes monitored the oxygen content of the gas inside the vessel at
various depths throughout the purge

Plot shows the content relative to the pre-purge state of the tank in solid lines
Clear front of argon gas moving through the vessel

Comparison to calculations (points) shows good agreement, aside from some

discrepancy in time that is likely due to 3D flow and mixing as argon gas is forced
into the bottom of the tank 59



Gaseous Argon Recirculation #

02, H20, and N2 During Tank Gas Recirculation

10 e ———
Q ® Oxygen 3.2 ppm-> 45 ppb
&b @ Water 3 ppm -> 200 ppb
i ® Nitrogen 17 ppm ->9.5 ppm
; ® Tank Shell 20 -> 50 deg. C
a
a

0.1

0.01

0 10 20 30 40 50 60
Volume Changes

The purge was very successful and brought the vapor in the tank to a contamination
level that was below the specifications for the delivered liquid

Both Oz and H20 contamination were well below | ppm after 3 volume exchanges
Maintained sub-ppm levels in the gas for over 20 days

Heating the tank shell allowed more contamination to be “baked” out
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Electron Lifetime Measurement
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First electron lifetime measurements

made after || volume exchanges of
liquid (66 hours)

Lifetime during first run was stable at 3
ms or better (LBNE needs 1.4 ms)

Lifetimes began decreasing after 2
weeks, indicating filter saturation

Filters were regenerated and lifetimes
went up to 5 ms

Filters possibly started showing signs of
saturation again, but an unplanned
power outage stopped the run
prematurely

Vessel currently filled with 30 tons for
the second phase run



Electron Lifetime Measurement
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made after || volume exchanges of
liquid (66 hours)

Lifetime during first run was stable at 3
ms or better (LBNE needs 1.4 ms)

Lifetimes began decreasing after 2
weeks, indicating filter saturation

Filters were regenerated and lifetimes
went up to 5 ms

Filters possibly started showing signs of
saturation again, but an unplanned
power outage stopped the run
prematurely

Vessel currently filled with 30 tons for
the second phase run



Geometry Design Considerations

At a given outer diameter, (OD)
there is an optimum inner
diameter (ID) to minimize field
strength on the ID surface

Optimal ID for a 1.37 inch OD
is 0.5 inch

Blue points show field within
the polyethylene (PE)

Purple line shows 50% of
dielectric strength for ultra-high
molecular weight PE

Tip geometry, TPC design and
connection details also
important to determining
limiting HV for feedthrough
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Field within PE

50 % of UHMW PE limit
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ID Radius (inch)

H.Wang, A. Teymourian (UCLA)



HYV Filtering

Ripples from the HV power supply will

induce charge pick up by the readout
electronics

® FElectronics and TPC geometry will
determine requirements on allowed
level of ripple

® Plot shows voltage ripple for different
load resistors, 0.001% peak to peak
ripple

® MicroBooNE design 0.03% ripple

240 MOnm 250 MOhm
HY Power Supply 6 mCable 6 mCable
Glassman LX Serles 780 pF 780 pF
-

MicroBooNE

Figure 6. The circuit for the HV power supply and filter with the field cage as a load.
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Fig. 42. Electric scheme of the external ripple rejection filter.



LArlAT Plan

Create a facility for long term use
where we can have the most flexible
program both in terms of calibration
tests and R&D related tests

We have examined both the M-Test
and M-Center areas in the Fermilab
Test Beam Facility

M-Center appears to be the better
of the two locations for both size
and availability over extended time
periods

Make use of the tertiary beam setup
that was first used in the MINERVA
test beam program
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Cold Electronics

Placing front end chips directly in the
LAr minimizes capacitance and noise

Cavern Dt

On chip digitization converts analog | %ﬂﬁﬁg - c'mtatoi:;
to digital inside the cryostat - L — -
Multiplex signals to high speed serial |2 %

link - reduces number of cables and | :

minimizes out-gassing. This approach b ErRT l

is important to scaling to large

detectors FeAsiC EME ., PG

Cold FPGA houses flexible algorithms L e
for data processing and reduction = EERE = R o 125 channels SR
- ry (MUX 1/128)
cs, sdi sdo (shared)
Can USe indUStry Standard Serial Iinl( 7 additional 16 channel chains stimestamp
1 * low-noise amplification . -bi s * compression
tO ConneCt dlreCtI)’ tO baCk end 'Lrogrammablzl(fgair:, -sAmD§||1§u$f2r2M5/ 'Zer.osuppre.ssion.
.. . . time constant, baseline) *2 x 8:1 multiplexing * neighbor triggering
system, minimizes conventional DAQ
hardware
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LIBooNE: Cold Electronics

A primary goal of UBooNE is to
understand running cold electronics in a
LArTPC

Electronics are being designed primarily
by BNL, will be used in LBNE too

Tests show
Noise at 87k is half that at 300k
crosstalk is < 0.3%, gain variations are
7%

Stress tests also performed show no

problems after many immersions in LN2

ATLAS and NA48 calorimeters show
very low failure rate over many years,
designed for > 30 year lifetime
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Wavelength Shifting

The emitted light (128 nm) has to be
shifted to a wavelength where light
detectors have high quantum efficiency

Tetraphenyl Butadiene (TPB) shifts the
light to the blue (430 nm)

TPB degrades when exposed to UV
light - indicated by rising concentration
of benzophenone

Handling TPB requires care to ensure it
still works when installed
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