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Cellular Design for a Large Liquid 
Argon TPC Detector

- Design goal
- Cellular Design
- Additional Possibility:  

- Light Detection  
- Tracking by light
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Basic Idea
Rather than trying to make huge planes in one piece, 
or subdividing a large LAr tank into many sub-volumes,

one can make up huge planes 
by hanging narrow, long, wire carrying panels side-by –side.

Each panel has 3 planes to detect electrons drifting in from the left,
and another 3 planes for electrons drifting in from the right.

For each plane in  the left triplet,
there is a corresponding plane, with the same DC potential, 
in the right triplet.

Why not connect planes with the same bias voltage together?

This can be done very simply by winding each wire in spiral fashion
around the panel,  from  bottom to top.

The readout electronics is along the top edge only, 
and reads out all 3x2=6 planes of the panel along one convenient edge.
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Schematic picture of the Wire Layout
+”α” layout
-”α” layout
Vertical layout
Ground layout

Drift

Drift

} “Half” wire
layout

We can cover 
the full chamber 
area,
while bringing 
all signals out  
at the top 
surface.
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Cellular Detector,  Basic Idea

Consider, for example a panel or “ladder” that is 3 m wide, and very 
tall.

The ladder is tall enough to go from the bottom to the top surface  of 
the Argon pool.

The sense wires wrap several times around the ladder , depending on 
their angle.

Each sense wire connects to a channel of the cold electronics along the 
top edge of the panel.
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Panels can be built at a remote site  (e.g. a 
university) and are complete with wires and cold 
electronics, and are fully tested.

They are shipped (by truck or cargo plane) to the 
detector site.
Almost no tooling is needed to make panels, and all 
participating institutions can make some.

Ladders are made while the tank is being built

Ladder installation is fast and low-risk

What do we gain ?
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What do Tracks Look Like ?

Issues:

•Wires may wrap more than once 
around the ladder – ambiguity ?

•Tracks penetrating the ladder  
Can show up on the same set of wires
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20 July 2006 David Gerstle - Yale &                                 
Christine Middleton - Wesleyan
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Construct a Cell - 1
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An Example with Several Cosmic Muons

27 July 2006 David Gerstle - Yale University 9
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initial effort to WWWe have made an initial effort to reconstruct 3-D tracks from 2-D images 
from wrap-around wire planes.
It is intuitively confusing at first, but not very hard, due to many constraints 
and track features that help make assignments of projections to 3-D tracks. 
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Sensing Panel Design

We will look at:

•Cross Section of a Panel
•Frame Design
•Wire Supports
•Wire Breakage Insurance
•Electronics Location
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Sensing Panel   Cross Section
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Frame Design

Stainless Steel 
Tubing

Wires
Resists wire tension
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Wire  Supports

Wire

SS Tube

½ mm thick G10 strip

Notch with
Epoxy glob



Mechanical Prototype  with my summer student, Gordon Merchut
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The fully wired Mechanical Prototype,  size 2.5 m x 4 m
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Two of the three PC board layers on each end.
This is where the cold electronics would go.

Wires are help by solder and epoxy.
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A Kapton   PC board wraps around the edges to connect wires 
from the two faces. 
The dead space between adjoining panels can be quite narrow.
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A pair of transfer frames (1.2 m x 4 m)  is hand-wound with wires.
The wires drop into machined grooves on combs on each end 

for accurate placement.
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Wire Breakage Insurance

Why Worry?
•Broken wires have sharp ends.
•They may cause discharge currents.
•Discharge Currents create electrical noise
•May force shutdown of whole drift regions.

Two Ways to Protect against Broken Wires:
•Free wire length between supports is short (1-3 m )
•One can install  loosely woven mesh over wires to 
trap broken wires



Mounting and Installation

• Panels are hung from an overhead  “curtain rod” grid
• Their bottom edges are held by a similar grid
• G-10 spacer tubes can be used to maintain an accurate geometry.
• This support system works in tanks of many different shapes.
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Sensing panels and HV Planes

• The space within the cryostat is divided with rows of HV 
planes and Sensing panels, spaced to match the choice 
of HV:
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Exasmple:  Cellular Detector,  Top View
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Cold Electronics Location
G-10  panels hold wires,
and cold electronics if desired
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Possible Additional Capability: Light Detection

Why detect light  ?

ICARUS has always incorporated Photo tubes 

•Used for triggering

•To get an accurate zero-time of drifting electrons

•Timing with respect to neutrino beam spill

•Readout sparsification

•Event absolute location



Light Detection in Waveshifter Panels

Argon emits scintillation light  at 140 nm, in the vacuum UV region.
It does not penetrate materials, and there are no good reflectors.

Typically wavelength shifters such as TPB are used.
The WARP collaboration has done interesting studies on applying TPB to surfaces, 
by evaporation and by applying it dissolved in Polystyrene  monomer.

We propose to apply TPB to the surface of Polystyrene panels.
The index of refraction for visible light in Liquid Argon is 1.22, 
much lower than the index in polystyrene, which is 1.59.

The angle of total internal reflection in Polystyrene immersed in LAr is 50 degrees.
The solid angle for trapped light is 2.2 sr, with the trapped fraction being 17 %

February     2010 Hans Jostlein 24



February     2010 Hans Jostlein 25

Light Collection – not yet tested
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Sensing Ladder  Cross Section
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Segmented Light Detection

Possible Vertical Segmentation

Wave shifter panels are 3 m high.

Light gets mostly to the panel nearest a track.

From candidate 3-D track reconstructions, one can predict accurately  
the light intensity distribution on nearby panels.

The light distribution must match the predicted light distribution.

This confirms or contradicts the 3-D track solution.



February     2010 Hans Jostlein 28

Optical Resolution

The light panels measure for each  single event
(i.e. occurring within 1 microsecond)
the amount of all the light 
that falls within the cell

For 3m x 3m x 3m panels, the resolution is 
3m / sqrt(12) = 0.87 m

In addition, each panel measures the actual light 
integral,
thus the CG is measured much better than 0.87 m


	Slide Number 1
	Basic Idea
	Schematic picture of the Wire Layout
	Cellular Detector,  Basic Idea
	Slide Number 5
	What do Tracks Look Like ?
	Slide Number 7
	An Example with Several Cosmic Muons
	Sensing Panel Design
	Sensing Panel   Cross Section
	Frame Design
	Wire  Supports
	Mechanical Prototype  with my summer student, Gordon Merchut
	The fully wired Mechanical Prototype,  size 2.5 m x 4 m
	Two of the three PC board layers on each end.�This is where the cold electronics would go.�Wires are help by solder and epoxy.
	A Kapton   PC board wraps around the edges to connect wires �from the two faces. � The dead space between adjoining panels can be quite narrow.
	A pair of transfer frames (1.2 m x 4 m)  is hand-wound with wires.�The wires drop into machined grooves on combs on each end �for accurate placement.
	Wire Breakage Insurance
	Mounting and Installation
	Sensing panels and HV Planes
	Exasmple:  Cellular Detector,  Top View
	Cold Electronics Location
	Possible Additional Capability: Light Detection
	Light Detection in Waveshifter Panels
	Light Collection – not yet tested
	Sensing Ladder  Cross Section
	Segmented Light Detection
	Optical Resolution

