Detector R & D in the 35 ton Membrane Cryostat

This is a draft and a list of possible studies.
The main purpose is to stimulate thought and discussion.

Hans Jostlein



Introduction and Schedule

The first “Membrane Cryostat” for Liquid Argon (LAr) is under construction at
Fermilab. It will hold up to 35 ton of LAr.

The first fill is for an engineering run to test the cryostat and the cryo cooling and
purification system.  The engineering run could start cooldown at the end of
2012 and take 6 months or a bit more, depending on whether modifications and
a second engineering run are needed.

After conclusion of the engineering run the cryostat will be adapted to detector
testing. The change-over involves making a new flange plate and preparing
for detector installation.

This phase might take 6 months.
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Detector R & D Program

This takes us to the end of 2013/ beginning of 2014, when detector installation
could start.  The installation could be completed within 3 months, assuming all
items are ready and tested.

If so, cool-down and fill can start April 2014, and LAr established May 31, 2014.
Testing detector elements, detector assemblies, and a complete detector system
may last a year or so, barring any failure that might stop operations.

This is a very long time scale. (I do hope someone can convince themselves (and
me) that things can move faster !) No matter, it is clearly important to come

up with a well designed first set of things to test.

This draft paper is meant to start the planning process.
Contributions from all interested parties are solicited and necessary.
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35 Ton TPC System Cartoons

The 35 ton membrane cryostat has an internal width of 2.7 m, a free length of
4m (with 3 m away from the access hatch) and a LAr depth of 2.5 m.

Two reduced-scale anode plane assembly (APA) prototypes are under
construction:

Oleg Prokofiev’'s of 1.2m x 2.5 m overall size,
and Wisconsin’s / Bo Yu’s of 1 m x 2.8 m size (I think)
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Primary Goal of R & D in the 35 ton Cryostat

(as | seeit)

The most critical need,
and unique opportunity,
is to design and build
a complete, functional, TPC system
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Why ?

Any time we have actually built something, we have learned many crucial things,
most of which we did not expect to learn,
and many that we would rather not have had to solve.

Examples:

Making pure LAr at PAB

Making well functioning purity monitors
Building the material test station
Argoneut

LAPD

High voltage feedthroughs

etc. etc.
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What could such a complete system look like ?

Possible Chamber Arrangement:

While it may be possible to cram both chambers into the 35 ton cryostat end-to —end,
or stacked side-by-side, that seems difficult and, as | shall explain, not optimal.

Instead | assume here that we will consider an arrangement of 5 planes, i.e. the two
APA prototypes, interspersed between three CPA’s:
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Top View
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The upper APA is Bo's,
the lower one is Oleg's
The red lines are ceiling rails for support
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Notes:
Hinged Field cage panels
for access during installation
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35 Ton End View
showing Installation

HV Feed for BNL Meeting

11



6/25/12

Why This Configuration ?

In this configuration there would be a total of four drift length in the space of
about 2 m, i.e. each drift length would be 50 cm.

This seems small, but, as | shall explain below, it offers opportunities for studies.

Briefly, the HV system would be designed for a maximum of 200 kV, allowing the
drift field strength to be varied over a very large range.

We will next list the major system components:
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High Voltage System

The HV system consists of the cathode plane assemblies (CPA’s), the field cage
with its voltage divider chains, the HV distribution, the HV feed through(s), the
external surge resistor, HV cables, and HV power supply.

While it is possible to test most elements by themselves, it is necessary to test
them as components of a complete system to gain confidence in their reliability.

Such systems have been put together earlier: Icarus to 150 kV, Bo to 25 kV, and
Argoneut to 50 kV. Long Bo is designed for 100 kV and will operate this summer.

LBNE will require, in some designs, close to 200 kV.

The TPC system for the 35 ton cryostat would be designed for operation up to
200 kV.

We will outline the challenges and opportunities below.



HV Feedthrough

HV Feed-through design into LAr is an active field.
Some are based on the proven Icarus design, others use electrodes embedded in
cast resin.

The 35 ton system can use up to three independent feed-throughs (one for each
CPA) if desired, to compare different designs. CPA’s can also be interconnected
easily below the LAr level if fewer feed-throughs are to be tested.

We will discuss the choice of drift fields below, when we talk about Argon ion
accumulation issues.



HV Field Cage

Bo Yu has proposed several field cage designs.

The challenge is to design a hermetic field cage while allowing unfettered access
to the APA’s and CPA’s during installation. See the |Ibne docdB (search under his
name) for inspection.

The 35 ton is an ideal test bed for field cage design due to its restricted access
hatch and work volume.



HV Power Supply Noise

Noise on the HV supply can couple into the wire pre-amplifiers.
The 35 to test is of sufficient size and complexity to serve as a TPC system
laboratory.

It will be possible to test different amounts of RC filtering.

We can also to inject Rf voltage into the HV feed-throughs (while the HV supply
is not connected) to measure the response on all sense wires.

The transconductance can be mapped out versus frequency and CPA choice.



Noise from Environmental Sources

While not strictly an HV issue,

clearly we can study noise form many sources, e.g. variable frequency pump
drives, noise from instrumentation such as level sensors and RTD’s, and noise
from environmental sources such a radio, TV, and cell phones.



CPA Development

It will be useful to have to design actual CPA’s and make them.

CPA’s are basically simple, mesh covered, frames.

However they will likely be laminated with biased G10 frames to guarantee a
uniform field all the way to their edges.

The connection to the field cage panels (if panels are used) is an important and
mechanically challenging feature.



Sharp Points and Bubbling

HV systems become rapidly more demanding as the voltage goes up.

Effects such as discharge from sharp features, and discharges initiated by Ar gas
bubbles, are potentially troublesome. We have observed such breakdowns
while testing HV feed-throughs.

It will be interesting to learn more about these, and attempt to find a design that
is impervious to their effect.



Study of a Ground Plane below the LAr surface

The TDR for the MocroBooNe Experiment describes a ground plane to be
installed:

“The high bias voltage on the cathode end of the field cage creates a very high
electric field in both the liquid argon and in the argon gas in the cryostat ullage.
The relatively low breakdown voltage of the argon gas creates the possibility of
having high voltage discharge through the argon gas to the cryostat wall.

To mitigate this risk, a ground plane placed 2.0 cm below the liquid level shields
the field cage from the argon gas. This ground plane incorporates 1.6 mm thick
perforated stainless sheets in its construction to allow gas bubbles to pass
through.”

It will be of interest to install such a plane in the 35 ton, possibly over just one or
two cathode planes, and connect it to a suitable feed through.



Studies can address questions such as:

--what is the current into this ground plane when at ground potential?

--what is the potential on the plane when it is electrically floating

--do we see Ar gas discharges (e.g. detected by noise in the preamplifiers, or by
detecting their light), for various choices of the voltage bias on this plane.
--what is the optimal mechanical implementation ?

The result would inform us if such a plane is needed, and inform about an
optimal design if needed.



Surface operation

The 35 ton Cryostat is on the surface, with no shielding to reduce the intensity of
cosmic rays (CR’s).

Recent developments in the Ibne project have revived interest in the behavior
and limitations of large LAr TPC’s on the surface.

Questions arise in

--hardware (ion buildup),

--software (reconstructing events with a large CR background),

--resolving left-right ambiguities with APA’s using helical wire arrangement),
--triggering (measuring time zero) for a given event, and

--associating multiple zero times with multiple events.

The 35 ton TPC system can provide useful data for all theses studies.



lon Buildup Studies

It has been recognized by a number of authors (see e.g. Microboone docdB note
# 199, “ Space Charge in lonization Detectors”, Kirk McDonald, and Randy
Johnson’s talk in Februarey, 2012, also in the MicroBooNE DocDB) that the
extremely slow Ar ion drift can lead to significant accumulated ion density.

The resulting electric field disturbs the imposed uniform drift field and can
distort track images, or even prevent drift electrons for reaching the sense wires.

In neutrino detectors most ions are made by cosmic rays, not the event tracks of
interest. The ion density is proportional to the cosmic ray rate and to the ion
dwell time.

The system of TPC’s in the 35 ton membrane cryostat is an ideal test bed to study
ion charge effects.

It is on the surface and it allows a wide range of drift fields to be applied, from
zero obviously) to a maximum of 200 kV / 50 cm =4 kV/cm, which is 8 times
stronger than the customary 500 V/cm drift field.



Varying the Drift Field
Varying the drift filed over a large range allows additional studies:

--pulse shape versus drift field strength

--Electron yield and light yield versus drift field

--track resolution versus field, need to optimize the drift field in a large LAr
detector

--optimizing the digitizing rate (also versus digitizer bit number)
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Readout Electronics

I defer to the experts to fill in the blanks here
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Light Detection

I defer to the experts to fill in the blanks here
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Identifying triggered tracks among CR background events

Light Matching to Tracks

In a surface detector there will be multiple events, almost all cosmic rays, even
within the +- drift time window of a neutrino beam spill.

It seems possible to match a given track configuration to a specific light intensity
distribution among the photo detectors in the vicinity of the event.

This light-to-track matching will unambiguously assign the right TZero to the
right event tracks.

This will not only remove out-of-spill events from consideration, but also allow
the selection of in-time events prior to much reconstruction effort.
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How would it work ?

If there are light detectors in the LAr volume one would expect that the response
of each detector will be digitized at a fairly high rate (better than 100 nsec,
maybe) and these traces would be available to the track reconstruction

program/

It is unlikely that one can deduce the track configuration
from the recorded light curves;

The reverse process of calculating he light curve for a given track configuration
seems possible. It helps that the light is mostly scintillation light with isotropic

intensity distribution.
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Potential Tasks:

Develop software (Voxel pre-calculation)
Picking the right Tzero among multiple events
Measure light yield , compare to Geant 4

Light Detection sensor response in a real, large, Aar volume with external CR
trigger
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Comparing the two different TPC Prototypes
We can learn about:

--ease of handling

--ease of mounting

--ease of installation

--ease of electronic board installation
--electronic noise and pulse shape differences
--ease of cabling and of securing cables
--ease of connecting to the field cage panels.
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An Opportunity for both Prototypes — Asymmetric Grid Spacing

The APA’s being considered for lbne use two separate collection planes, one for
each face. The two induction plane wires connect, however , from one face of
the APA to the other.

This can raise issues of identifying the location of a given hit or track.

Conversely, if we can show that we can deal with the ambiguity issue, we can
open up design parameters such as wire dip angle and APA length.

The present designs for lbne and the two prototypes include a biased grid plane
next to the first induction plane, to suppress the long leading tails that
approaching electrons would otherwise induce in the wires.

The grids can make signal from both the first and second induction plane look
very much alike, which is thought to help in the reconstruction.



The signal pulse length observed on induction planes is roughly proportional to
the drift time of electrons between the wire planes preceding and following the
induction plane.

It would seem possible to choose the spacing of the grid that precedes the first
induction plane rather arbitrarily (adjusting the bias potential, of course, to
assure transparency)

There seems to be no rule that requires the grids on the two APA faces to be
spaced the same distance from the first induction plane.

If that is so, one can imagine placing the grid on one face a good deal farther
from the first induction plane that the grid on the other face.

As a result one would expect a significant difference in pulse width between the
two faces of the APA. Given multiple wire hits, there is a good chance that track
segment can be unambiguously assigned to one face of the APA or the other.

The 35 to cryostat with the prototype TPC APA’s would be an ideal test bed for
this option.



Installation

The goal of putting together a functioning TPC system will force us to find and
implement detailed engineering solutions for the following items:

--Ceiling support design

--Cable routing and support in the cryostat

--signal feed-throughs

--Transporting complete APA’s and CPA’s into the cryostat
--testing along the way

and the various items mentioned elsewhere.



Visual Observations

We have found it useful in LAPD to have a window into the cryostat.
Alternatively a cold camera can be deployed either in the ullage or in the LAr.
Work on that is underway.

Things to observe include:

--broken or mal-functioning equipment

--bubbles. Where do they originate? Can they initiate HV discharges?
--HV discharge locations (in LAr and in Ar gas prior to filling)
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Conclusions and Outlook

This is just a draft and a list of possible studies.
The main purpose is to stimulate thought and discussion.
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