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•  Field	  Cage	  
–  Field	  cage	  panels	  
–  Roll-‐formed	  metallic	  profiles	  
–  Resistor	  divider	  board	  
–  Suppor:ng	  beams	  

•  HV	  Feedthrough	  
•  TPC	  Integra:on	  

–  APA	  Interconnect	  and	  alignment	  
–  TPC	  suspension	  features	  
–  TPC	  assembly	  procedure	  and	  

tooling	  

•  APA	  
–  APA	  frames	  
–  Geometry	  boards,	  moun:ng	  plaEorms	  
–  Wire	  mesh,	  wire	  support,	  E-‐diverter	  
–  APA	  assembly	  procedure	  and	  tooling	  	  
–  Interface	  to	  electronics;	  faraday	  cage	  
–  APA	  winding	  

•  CPA	  
–  CPA	  frames	  &	  panels	  
–  HV	  Cup	  
–  CPA	  suspension	  features	  	  

hKp://sbn-‐docdb.fnal.gov:8080/cgi-‐bin/RetrieveFile?docid=613&filename=sbnd-‐
tpc-‐PDR-‐review.pdf&version=1	  

Preliminary	  Design	  Report	  (docdb	  ID	  613)	   Review	  was	  held	  Sept	  2015	  
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The SBND TPC Working Group

Deliverables	   Ins8tu8on	  

Four	  APA	  Frames	  (2UK&2US)	   University	  of	  Sheffield	  	  

Winding	  two	  APAs	  	   University	  of	  Manchester	  	  

Winding	  two	  APAs	  	   Chicago,	  Syracuse	  and	  Yale	  	  

CPAs	  	   University	  of	  Liverpool	  	  

HV	  Feedthrough	   UCL	  and	  Yale	  	  

Field	  Cage	   BNL	  and	  Yale	  	  

QA/APA	  cold	  tests	   Lancaster	  University	  

Integra:on,	  Assembly,	  and	  Installa:on	  	   Chicago,	  BNL	  and	  Fermilab	  	  

Collabora:on	  between	  UK	  and	  USA	  Ins:tu:ons,	  
	  funded	  by	  NSF	  and	  STFC	  
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The SBND TPC Working Group
The	  WBS	  Managers	  
	  funded	  by	  NSF	  and	  STFC	  
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TPC Requirements
q  The	  TPC	  volume	  is	  large	  enough	  to	  achieve	  the	  physics	  goals	  of	  the	  experiment.	  	  

q  The	  3	  mm	  wire	  pitch	  is	  chosen,	  as	  in	  the	  MicroBooNE	  and	  ICARUS	  detectors,	  to	  enable	  
electron/photon	  separa:on	  to	  be	  achieved	  with	  iden:cal	  efficiency.	  	  

q  Limit	  varia:on	  in	  the	  wire	  sag	  to	  <	  0.5	  mm	  such	  that	  it	  does	  not	  significantly	  impact	  the	  
posi:on	  and	  energy	  resolu:on	  of	  the	  detector.	  	  

q  The	  APAs	  are	  constructed	  in	  a	  manner	  that	  guarantees	  no	  wires	  will	  break	  during	  the	  
opera:onal	  life	  of	  the	  experiment.	  	  

q  The	  electric	  field	  must	  not	  exceed	  30	  kV/cm	  inside	  the	  liquid,	  and	  not	  exceed	  5	  kV/cm	  in	  
the	  argon	  gas	  to	  prevent	  HV	  breakdown.	  	  

q Minimize	  dead	  space	  in	  the	  ac:ve	  volume:	  place	  the	  cathode	  in	  the	  center	  of	  the	  TPC.	  	  

q  The	  wire	  plane	  and	  HV	  cathode	  designs	  must	  be	  compa:ble	  with	  the	  photon	  detec:on	  
system	  designs	  being	  considered	  for	  the	  experiment.	  	  

q  Use	  only	  materials	  that	  are	  compa:ble	  with	  high-‐purity	  liquid	  argon.	  	  
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TPC Parameters
TPC Design Parameters

Parameter Value

TPC active volume 5m (L) x 4m (H) x 4m (W), 112 metric ton active LAr mass

Number of TPC cells 2 drift volumes, 2m drift length in each

Anode Plane Assembly (APA) 2.5m x 4m active area, with cold electronics mounted on 2 sides.

Wire properties 150µm diameter, CuBe

Wire planes 3 planes on either side of an APA 
U & V at ±60º to vertical, Y vertical 
3mm wire pitch, 3mm plane spacing

Cathode bias -100 kV @ 500V/cm drift field

Number of Wires 2816 channels/APA.  11264 wires total in TPC.

Wire tension 0.5 kg at room temperature

3
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SBND TPC Layout

2	  APA	  frames	  
per	  side	  

2	  cathode	  
frames	  down	  
the	  center	  

Field	  Cage	  
on	  4	  sides	  

6	  connec8on	  
points	  to	  
cryostat	  lid	  

Field	  Cage	  
support	  
beams	  

HV	  cup	  

5	  m	  
4	  m	  

4	  m	  
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“mobile”	  cryostat	  
lid	  plate	  

“fixed”	  
cryostat	  lid	  

plate	  

60	  cm	  
insula:on	  

Outer	  mechanical	  
support.	  	  Membrane	  
cryostat	  built	  inside.	  
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§  ±	  2	  mm	  flat	  welded	  frame	  

Leveling	  plate	  

FEA:	  Max	  X	  displacement	  0.85	  mm	  

University	  of	  Sheffield	  &	  Chicago	  

§  	  Fabricated	  from	  150	  x	  100	  x	  5mm	  304	  Stainless	  
Steel	  rectangular	  hollow	  sec:ons	  (RHS)	  

§  For	  3	  mm	  wire	  plane	  separa:on	  
need	  beKer	  than	  ±	  2	  mm	  flatness,	  
plate	  adjustable	  to	  ±	  0.5	  mm	  	  

§  Bare	  frame	  weight	  =	  480	  kg	  
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Prototyping	  levelling	  plates	  -‐deforma:on	  check	  at	  Sheffield	  

Shims	  
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University	  of	  Sheffield	  &	  Chicago	  
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Full	  Assembly	  Deflec:on	  

Top	  &	  BoKom	  inserts	  
plus	  9	  	  12mm	  bolts	  
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Tack	  welded	  	  
Tube	  
aKachments	  

Screw	  
mounted	  
aKachment	  	  -‐	  	  
8	  	  M6	  screws	  

Liring	  fixture	  

Deforma:on	  while	  
liring	  at	  horizontal	  
posi:on	  0.7	  mm	  
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APA	  bare	  frame	  and	  
jig	  review	  on	  Dec	  17th	  	  

Almost	  ready	  to	  place	  
an	  order	  
Quote	  from	  Portobello:	  
4	  APAs	  and	  Jig	  129k	  GBP	  

Levelling	  bars	  and	  laser	  
surveys	  43k	  GBP	  
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Figure 9: Leveling plates (shown in green) are mounted on the APA frame to
provide a flat surface for the geometry boards.

precise source of this noise is not understood. A good shield in the form of a
bronze mesh is expected to reduce this noise pickup.

A second function of a mesh plane is to prevent electrons generated be-
hind the active volume from being collected by the X plane as “ghost” tracks.
Without this mesh plane, the electric field behind the collection wire plane is
quite non-uniform with di↵erent conductive objects at di↵erent voltages and
distances. In general, there is a weak reverse drift field pushing electrons cre-
ated behind the wire planes towards the X wires, creating ghost tracks on the
collection view without matching induction plane signals. A grounded mesh
plane defines a uniform field behind the collection wire and greatly reduces the
extent of the ghost tracks.

The distance between the wire mesh and the collection wire plane has some
influence on the correct bias voltage on the collection wires. Since the APA
surface may have variable distance to the wire plane due to manufacturing
tolerance, the bias voltages of the wires need to be calculated based on the
closest wire to mesh plane distance to ensure good electron transparency.

5.2.4 Electron diverter

Constructing two smaller APA frames instead of a larger 5m by 4m frame greatly
simplifies the fabrication, handling, wire winding, and transportation processes.
However, even adapting the LBNE/DUNE style wire termination scheme at the
joining edges of the two APAs, there is still a finite gap between the two active
wire frame apertures. The width of this gap is at least 15mm in the current APA
design. Electrons in the particle tracks in front of this gap are not expected to
be detected by the TPC.

17

Figure 7: A view of a corner of the APA showing the three layers of geometry
boards at di↵erent stages of assembly.

of 192mm, while the side boards are at a pitch of 221.7mm. When the three
layers of geometry boards are installed, there are 128 (64 Y, 32 U, 32 V) readout
channels on each stack on the top, and 64 (either U or V) readout channels on the
side. The front-end readout electronics boards are at the same pitch, having
128 channels on the top, and 64 channels on the sides. On the top row, the
output connectors on the 3 layer stack of geometry boards form a double row
pin header that plugs into the front-end motherboard as shown in Figure 8. On
the side, only a single row of pins are needed to read out the wires.

The geometry boards on the tiling edge of each APA are mounted on the
side leveling plates. Their leading edges have grooves to define the position of
each wire. The bottom of the grooves must have a gentle curvature to avoid
kinking the wires. These grooves can either be directly machined into the FR4
geometry boards, or implemented as an injection molded part and bonded to
the edge of a geometry board.

5.2.2 Leveling plates and wire support structures

To further maintain the wire pitch and wire plane spacing, and to reduce unsup-
ported wire length, wire support structures are installed along the intermediate
APA frame members. The wire supports are made from thin G10 strips (⇠
0.5mm thick) with grooves machined on one edge. There are two rows of combs
along the two horizontal intermediate tubes to support the vertical Y wires,
and one set of combs along the central vertical tube to support the U & V wire
planes. During the wire winding, wires of a given plane are laid into each of the

15

APA	  leveling	  plates	  to	  achieve	  flat	  surface	  for	  
the	  geometry	  boards	  (±	  0.5	  mm	  adjustment)	  

Three	  layers	  of	  the	  Geometry	  Boards	   Total	  Es:mate	  for	  all	  boards:	  ~80k$	  

§ All	  geometry	  boards	  are	  
modeled	  in	  3D	  
§ 	  Layout	  of	  the	  Y_top	  
Geometry	  Board	  Complete	  
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15mm

~50mm

APA Frame

V wire Y wire

U wire

electron
drift path

Strip 1 @ -1000V

Strip 2 @ -600V
U wires

V wires

Y wires

a)

b)

c)

Figure 10: a) A concept to eliminate the dead region between the two APAs by
adding a few properly biased electrodes at the center of the gap to divert the
electrons to the nearby active regions. b) The distortion on the reconstructed
tracks. c) A Garfield simulation of the electron drift lines in a two strip config-
uration.

In order to recover the signal loss in front of this dead gap, an electron
diverter strip is installed in the middle of this gap. Two sets of electrodes on
one edge of this strip are biased at potentials slightly more negative than those
determined by the nominal drift field, exerting a repulsive force to the incoming
electrons. The electrons will be pushed away from this gap, and diverted to an
active region on either side of the deflector. This implementation should ensure
no loss of charge measurement of the tracks in front of the gap. The drawback
is that the electric field near this gap is distorted, and so is the reconstructed
track crossing this gap. However, the field distortion can be mapped out and
track distortion corrected in software.

Figure 10 illustrates this concept. It is been implemented at one section of
the DUNE 35ton TPC and will be evaluated during its Phase II operation.

5.2.5 APA interconnect/induction wire alignment scheme

A wire frame with 3 planes of readout wires oriented in this TPC, but without
wire wrapping as in DUNE, requires the readout electronics located on three
sides of the frame, typically left, right and top. Having two APAs tiled side by
side requires the placement of two sets of electronics along the joining edges of
the two APAs. In an e↵ort to minimize the readout channel count and reduce
the complexity of implementing electronics along the tiling edges, a new wire
interconnect scheme is introduced. All wires from the two induction planes
terminating at the tiling edges of the APAs will be mechanically terminated at
their respective geometry boards, but electrically bridged across the gap by two
sets of jumper cables (Figure 11). Electrically, the two APAs appear to be a
single wire frame with 3 planes of non-interrupted wires. The jumper cables

18

Electron	  deflector	  to	  recover	  the	  
“dead”	  region	  (15mm)	  between	  
the	  two	  interconnected	  APAs	  	  

§ 	  To	  be	  tested	  in	  35t	  	  
§ 	  Preliminary	  studies	  with	  the	  
Liverpool	  camera	  readout	  TPC	  
in	  gas	  

5

Electron deflectors
Tests using the Liverpool TPC

I A deflector PCB was made in Liverpool and installed to the TPC.

Adam Roberts | Preliminary SBND APA electron deflector studies using the Liverpool TPC

12

Electron deflectors - Case 1
-1500V (bottom) / -1100V (top). Field cage -1000V in region of deflector

1s exposure 30ms exposure

Adam Roberts | Preliminary SBND APA electron deflector studies using the Liverpool TPC

Alpha	  tracks	  
1s	  exposure	  
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Two	  winding	  Facili:es	  	  
Daresbury,	  UK	  (Manchester	  group)	  

Yale,	  USA	  (Syracuse	  group)	  

Loading	bay	

6-tonne	
overhead	
crane	

The	workspace	(Daresbury	lab)	

3	December	2015	 J.Pater	for	Manchester	 4	

UK	  Daresbury	  Space	  	  
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UK	  Daresbury	  space	  ready	  to	  be	  used	  	  

Clean	tent	installed	
photo	taken	2	December	

3	December	2015	 J.Pater	for	Manchester	 6	
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Winding	  Procedure	  UK:	  Semi	  automated	  

Recall:	Proposed	Wiring	Procedure	
•  Frame	is	supported	on	a	turntable	which	rotates	to	

three	working	angles.	
-  Working	space	~6x6	m2	

-  Full	access	for	operator(s)	
•  Wiring	head	traverses	on	cross	beam,	which	itself	

travels	on	fixed	side	rails.	
•  Wires	are	strung	one	at	a	4me:	

–  Ease	of	design/development	
–  Quality	control	is	wire	by	wire	
–  Minimal	working	area	
–  Scalable	to	any	size	frame	

•  Procedure:	
1.  Solder	wire	at	one	side.	
2.  Draw	wire	over	guides	to	other	side.	
3.  Tension.	
4.  Solder	on	other	side.	
5.  Cut	wire.	
6.  Step	to	next	posi4on	&	repeat.	

•  Finishing:	
-  Glue	over	soldered	joints	and	board	edges	to	fix	

against	possible	creep	
•  Automated	op4on:	

–  Computer-controlled	stepper	motors	ensure	precise	
posi4oning.	(otherwise	manually)	

•  Manual	op4on	may	be	preferable	given	4me	scales:	
–  Faster	to	set	up	but	slower	to	operate	
–  Automa4on	could	follow	

3	December	2015	 J.Pater	for	Manchester	 2	

J.Freestone	
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-  Glue	over	soldered	joints	and	board	edges	to	fix	

against	possible	creep	
•  Automated	op4on:	

–  Computer-controlled	stepper	motors	ensure	precise	
posi4oning.	(otherwise	manually)	

•  Manual	op4on	may	be	preferable	given	4me	scales:	
–  Faster	to	set	up	but	slower	to	operate	
–  Automa4on	could	follow	

3	December	2015	 J.Pater	for	Manchester	 2	

J.Freestone	

See	next	slide	

Turntable	  framework	  and	  bridge	  design	  is	  
complete	  

Recall:	Proposed	Wiring	Procedure	
•  Frame	is	supported	on	a	turntable	which	rotates	to	

three	working	angles.	
-  Working	space	~6x6	m2	

-  Full	access	for	operator(s)	
•  Wiring	head	traverses	on	cross	beam,	which	itself	

travels	on	fixed	side	rails.	
•  Wires	are	strung	one	at	a	4me:	

–  Ease	of	design/development	
–  Quality	control	is	wire	by	wire	
–  Minimal	working	area	
–  Scalable	to	any	size	frame	

•  Procedure:	
1.  Solder	wire	at	one	side.	
2.  Draw	wire	over	guides	to	other	side.	
3.  Tension.	
4.  Solder	on	other	side.	
5.  Cut	wire.	
6.  Step	to	next	posi4on	&	repeat.	

•  Finishing:	
-  Glue	over	soldered	joints	and	board	edges	to	fix	

against	possible	creep	
•  Automated	op4on:	

–  Computer-controlled	stepper	motors	ensure	precise	
posi4oning.	(otherwise	manually)	

•  Manual	op4on	may	be	preferable	given	4me	scales:	
–  Faster	to	set	up	but	slower	to	operate	
–  Automa4on	could	follow	

3	December	2015	 J.Pater	for	Manchester	 2	

J.Freestone	

See	next	slide	



SBN
12/14/15 Kostas Mavrokoridis (University of Liverpool) | SBND TPC Status | Directors’ Review 20

	  The	  New	  Wright	  Laboratory	  
APA Winding

Facili8es	  
85,200	  sf	  of	  lab	  and	  office	  space	  include	  
-‐	  PI	  laboratories	  
-‐	  Specialized	  laboratories	  	  
-‐	  Prototyping,	  teaching,	  fabrica:on	  shops	  

Requirements at Yale Wright Lab
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Lee#Greenler UW#Physical#Sciences#Lab

Non%folding%
side

Non%folding%
side

Non%folding%
side

Folding%side

wires

At%the%three%“non%folding”%sides%the%wires%are%ready%to%be%soldered% to%the%
circuit%boards%as%soon%as%they%are%installed% on%the%posts%(and%lowered%
down%to%the%APA%surface).
At%the%“folding%side”%the%wire%post%bar%goes%through%a%pair%of%motions% to%
bring%the%wires%down%along%the%side%of%the%APA%for%soldering.

APA%frame

carriage%with%
posts

carriage%with%
posts

2

The%overall%setup

Figure 16: Diagram showing wire placement apparatus for APAs to be produced
in U.S. Wires are wrapped around rotatable posts, under tension. Array of ten-
sioned wires is then lowered onto various comb supports and wire-carrier board
grooves. Credit: Lee Greenler at University of Wisconsin Physical Sciences
Laboratory.

Lee#Greenler UW#Physical#Sciences#Lab

etc.

Again,#the#rotation#
precisely#maintains#the#
length#of#the#wire#so#
the#tension#does#not#
change!

The%second%motion

7

Figure 17: Detail view of rotatable carriage on the “bridged” edge of the APA.
The edge boards here will need some form of a tooth structure to locate the
wire and support it during folding motion of carriage. Credit: Lee Greenler at
University of Wisconsin Physical Sciences Laboratory.
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•Footprint for full-size apparatus work needs to be ~x2 of the APA.
•Needs to be in a crane accessible location.
•Minimal needs for power since most movement is manual.
•Cleanliness?  TBD.
•Needs for cold-testing TBD.

Original idea…updated version has 
rails that allow wires to be loaded 

in space adjacent to APA. 
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Syracuse	  group	  works	  	  
with	  PSL	  

Detector	  assembly	  and	  staging	  areas.	  
Currently	  undergoing	  renovaKons.	  
Available	  in	  summer	  2016	  	  

	  The	  New	  Wright	  Laboratory	  

Winding	  Procedure	  US:	  Manual	  

Requirements at Yale Wright Lab
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Figure 16: Diagram showing wire placement apparatus for APAs to be produced
in U.S. Wires are wrapped around rotatable posts, under tension. Array of ten-
sioned wires is then lowered onto various comb supports and wire-carrier board
grooves. Credit: Lee Greenler at University of Wisconsin Physical Sciences
Laboratory.
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Figure 17: Detail view of rotatable carriage on the “bridged” edge of the APA.
The edge boards here will need some form of a tooth structure to locate the
wire and support it during folding motion of carriage. Credit: Lee Greenler at
University of Wisconsin Physical Sciences Laboratory.
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•Footprint for full-size apparatus work needs to be ~x2 of the APA.
•Needs to be in a crane accessible location.
•Minimal needs for power since most movement is manual.
•Cleanliness?  TBD.
•Needs for cold-testing TBD.

Original idea…updated version has 
rails that allow wires to be loaded 

in space adjacent to APA. 
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Winding	  Procedure	  US:	  Manual	  

Prototype

6

The$wires$that$fold$over$the$edge$are$placed$as$follows:

Starting$Position:

1.	  Star:ng	  posi:on	  

Prototype

7

The$first$fold$brings$ the$wire$outside$ the$APA$perpendicular$ to$the$side.

2.	  The	  1st	  fold	  brings	  the	  wire	  
outside	  the	  APA	  perpendicular	  
to	  the	  side	  	  

Prototype

8

The$second$fold$bring$ the$wires$down$along$the$edge$
geometry$boards$where$they$are$then$soldered.

3.	  The	  2nd	  fold	  brings	  the	  wires	  down	  
along	  the	  edge	  geometry	  boards	  
where	  they	  are	  then	  soldered	  

Prototype

3

•Working with PSL for prototype “wire placement” device.
•Sized to accommodate single “window-pane” of APA frame.
•Expect delivery in February.

Lee Greenler UW Physical Sciences Lab
9

The carriages that hold the wires will 
have to be mounted on some type 
of shuttle device so that they can be 
separated from the APA while wire is 
being fed onto the carriage posts.  

This provides easier access to 
the wire posts and protects the 
APA during this part of the 
process.
This also provides the means 
for locating each batch of wire 
to its proper location.

The shuttle

Lee Greenler UW Physical Sciences Lab
9

The carriages that hold the wires will 
have to be mounted on some type 
of shuttle device so that they can be 
separated from the APA while wire is 
being fed onto the carriage posts.  

This provides easier access to 
the wire posts and protects the 
APA during this part of the 
process.
This also provides the means 
for locating each batch of wire 
to its proper location.

The shuttle

Carriages slide along rails, and have systems of rotatable posts 
to hold ~50 tensioned wires at desired pitch.

Carriages are loaded in space adjacent to APA under assembly.

Load wires here
Place wires in desired location

Prototype

3

•Working with PSL for prototype “wire placement” device.
•Sized to accommodate single “window-pane” of APA frame.
•Expect delivery in February.

Lee Greenler UW Physical Sciences Lab
9

The carriages that hold the wires will 
have to be mounted on some type 
of shuttle device so that they can be 
separated from the APA while wire is 
being fed onto the carriage posts.  

This provides easier access to 
the wire posts and protects the 
APA during this part of the 
process.
This also provides the means 
for locating each batch of wire 
to its proper location.

The shuttle

Lee Greenler UW Physical Sciences Lab
9

The carriages that hold the wires will 
have to be mounted on some type 
of shuttle device so that they can be 
separated from the APA while wire is 
being fed onto the carriage posts.  

This provides easier access to 
the wire posts and protects the 
APA during this part of the 
process.
This also provides the means 
for locating each batch of wire 
to its proper location.

The shuttle

Carriages slide along rails, and have systems of rotatable posts 
to hold ~50 tensioned wires at desired pitch.

Carriages are loaded in space adjacent to APA under assembly.

Load wires here
Place wires in desired location

Cost	  prototype	  ~40k	  USD	  
Cost	  for	  full	  machine	  ~50k	  USD	  Prototype	  expected	  delivery	  

February	  2016	  

Procedure	  for	  wires	  to	  be	  placed	  over	  the	  edge:	  
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Baseline	  design	  transparent	  mesh	  

Construc8on	  University	  of	  Liverpool	  

CPA	  Made	  up	  of	  a	  Stainless	  steel	  frame	  and	  8	  
stainless	  steel	  wire	  mesh	  smaller	  frames.	  

§  5	  mm	  aperture	  
§  	  1	  mm	  wire	  ID	  
§  70%	  transparency	  

	  Weight:	  	  
half	  CPA	  Frame	  130Kg	  
each	  Mesh	  Panel	  8.5Kg	  
Total	  for	  2	  CPAs	  	  around	  440Kg	  

HV	  Cup	  

FEA:	  DeflecKon	  0.116	  mm	  

Cost	  39k	  GBP	  
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100 kV FT, Spring loaded tip based on 
35ton design 	  

●  Simulations: 
○  electric field 
○  thermal 

Yale	  and	  UCL	  groups	  

Heinzinger PNChp 150000 – 1 neg 
High Precision – HighVoltage – Power Supply 

Material cost is 67k $ 
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5m	  

4m	  

4m	  

Work	  led	  by	  BNL	  and	  Yale	  

PCB	  based	  design	  

Roll-‐formed	  metallic	  profiles	  
Field	  cage	  Design	  
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A	  pre-‐assembled	  module:	  
32	  bars	  @	  6cm	  pitch	  to	  cover	  2m	  drir.	  
There	  is	  no	  electrical	  connec:on	  
between	  adjacent	  field	  cage	  modules.	  	  
Each	  module	  has	  its	  own	  	  
resis:ve	  divider	  chain.	  

Profile	  and	  cap	  locking	  scheme	  
Resis:ve	  divider	  and	  surge	  suppressor	  chain	  

PCB	  design	  based	  on	  35t	  

AwaiKng	  performance	  of	  35t	  and	  Roll-‐formed	  field	  cage	  prototype	  test	  at	  CERN	  

Cost	  ~250k	  USD	   Cost	  ~67k	  USD	  

Roll-‐formed	  metallic	  profiles	  design	  



SBN

TPC Integration & Installation

12/14/15 Kostas Mavrokoridis (University of Liverpool) | SBND TPC Status | Directors’ Review 27

 

 

DETAIL  E
SCALE 1/4

C

 
E

1

1

2

2

3

3

4

4

A A

B B

C C

D D

SHEET 1  OF 1 

DRAWN

CHECKED

QA

MFG

APPROVED

rnorthrop 7/24/2015

DWG NO

APAframe3

TITLE

SIZE

C
SCALE

REV

5166.80 [203.417 in]

41
30

.6
5 

[1
62

.6
24

 in
]

4927.60 [194.000 in]

12 mm Bolts

APA Attachment / Adjustment
              Proposal

Access holeAccess hole

Insert shimed
fixed with 1/4" bolts

 

Push/Pull inserts to adjust
  before fixing with  1/4" set screws

Section for Full Scale Mockup

S B N D 

Insert - full length

150.00 [5.906 in]

100mm x 100mm x 8mm
SS  tube

14.00100.00 [3.937 in]

Figure 38: Anode sub-assembly. Two APAs are joined using two custom connec-
tion fixtures at the top and bottom and 9 M12 bolts spaced along the adjoining
edge.

With the APAs still in the horizontal orientation and close to the ground,
this is the ideal time to install and test the TPC front-end electronics. Once
vertical, the top of the APA frame is more than 4 m o↵ the ground. The metal
brackets which connect the fiberglass field cage support beams to the APA
frames are also installed now, greatly simplifying the later step when the APAs
and CPA are joined by the field cage I-beams.

The APA sub-assembly must next be rotated to a vertical orientation and
hung from the I-beams that were added to the overhead gantry structure. To
accomplish this, a rotation and transport fixture, as shown schematically in
Figure 41, is constructed around the frames while they sit on the jack stands. A
hoist inside the tent can be used to pivot the APA sub-assembly around bearings
that attach near the first frame cross beams. The entire rotation structure sits
on steerable rollers so the vertical frame can be moved into position under the
gantry and hung from the assembly I-beams.
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APA	  sub-‐assembly	  scheme	  
Work	  led	  by	  Chicago,	  BNL	  
and	  Fermilab	  

Connected	  using	  two	  custom	  connec:on	  fixtures,	  allowing	  uniform	  gap	  
and	  ensure	  alignment	  of	  U/V	  wires	  across	  two	  frames	  
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Figure 39: Detail looking down along the vertical adjoining edge of two APAs.
Shown are the stack of wire carrier boards and the location of the row of M12
bolts behind them that connect the frames.

Figure 40: Example of a jack stand that could be used in the construction of
the APA sub-assemblies. The total height is dictated by the next step where
the frames are rotated into a vertical orientation. The 6 in. of fine adjustment
is used to bring the TPC wires into a level horizontal plane.
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M12	  bolt	  
connec:ng	  
the	  frames	  



SBN

TPC Integration & Installation

12/14/15 Kostas Mavrokoridis (University of Liverpool) | SBND TPC Status | Directors’ Review 28

CPA	  Integra8on	  

Figure 41: Design sketch of the rotation and transport fixture for the APA sub-
assemblies. A split bearing pillow block attaches to each side near the first cross
beams of the frame. The frame can then be rotated vertical using a hoist in the
tent. Rollers under the structure enable the vertical APA sub-assembly to be
moved into position to be hung from the assembly I-beams in the gantry.

10.1.3 CPA installation

The TPC high voltage cathode will also be suspended directly from the lid of
the SBND cryostat. As with the anode planes, the connection points are to be
located as near the perimeter of the cryostat as possible.

In order to support the cathode plane along its length, while still distributing
the vertical load to the cryostat lid perimeter, an intermediate suspension beam
will be used. This beam is seen running along the length of the cathode just
above the TPC volume in the full TPC rendering of Figure 2. The intermediate
beam attaches to the cryostat lid at only the two ends, but six machined G10
hanging brackets extend down to support the CPA frame along its full length.

Figure 42: CPA integration in the TPC.
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Figure 41: Design sketch of the rotation and transport fixture for the APA sub-
assemblies. A split bearing pillow block attaches to each side near the first cross
beams of the frame. The frame can then be rotated vertical using a hoist in the
tent. Rollers under the structure enable the vertical APA sub-assembly to be
moved into position to be hung from the assembly I-beams in the gantry.

10.1.3 CPA installation

The TPC high voltage cathode will also be suspended directly from the lid of
the SBND cryostat. As with the anode planes, the connection points are to be
located as near the perimeter of the cryostat as possible.

In order to support the cathode plane along its length, while still distributing
the vertical load to the cryostat lid perimeter, an intermediate suspension beam
will be used. This beam is seen running along the length of the cathode just
above the TPC volume in the full TPC rendering of Figure 2. The intermediate
beam attaches to the cryostat lid at only the two ends, but six machined G10
hanging brackets extend down to support the CPA frame along its full length.

Figure 42: CPA integration in the TPC.
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G10	  hanging	  brackets	  G10	  connec:ng	  brackets	  
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new I-beams, shown in cyan, will be installed between the existing cross beams
and used to suspend the TPC components (APAs, CPA).
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Work	  led	  by	  Chicago,	  BNL	  
and	  Fermilab	  

TPC	  assembly	  in	  the	  DAB	  tent	  

(See	  Joe	  Howell’s	  talk	  for	  more	  details)	  

Figure 35: Existing clean tent in the D0 Assembly Building at Fermilab where
the SBND TPC will be assembled.

• All front-end TPC electronics boards and signal cables that connect the
FEBs to the cryostat feedthroughs.

• The active detectors, mounting hardware, and cables of the photon detec-
tion system.

Assembly of the SBND TPC from these elements will take place at the D0
Assembly Building (DAB) at Fermilab. Located inside the DAB high-bay is an
existing clean tent previously used for the assembly of the MicroBooNE detector
that can be reused, with some modifications, for assembly of the SBND TPC.
Figure 35 shows the tent in its current form in the DAB.

The tent dimensions are 5.8 m (19 ft) high ⇥ 7.9 m (26 ft) wide ⇥ 15.2 m
(50 ft) deep. Attached to a gantry inside the tent are two overhead monorail
chain hoists each with 3 ton capacity. A large curtain opening on one end of the
tent faces an open high-bay area within DAB. This high-bay space is equipped
with both a 50 and 10 ton overhead crane with 21 ft maximum hook height. A
20 ft tall roll-up exterior door is adjacent to the tent where the fully assembled
TPC can exit the building for transport to the detector building.

10.1 Detector assembly sequence

In its final position inside the cryostat, the SBND TPC will be suspended from
above through six connections to the cryostat lid. These connections are inten-
tionally located near the outside edge of the cryostat lid in order to minimize
movement of the TPC when the lid is subjected to operating pressures of the
cryostat.
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Model	  of	  SBND	  assembly	  

Tent	  dimensions:	  5.8	  m	  (19	  r)	  high	  ×	  7.9	  
m	  (26	  r)	  wide	  ×	  15.2	  m	  (50	  r)	  deep	  
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All	  TPC	  components	  to	  be	  delivered	  to	  Fermilab	  by	  March	  2017	  

Finished	  

Expected	  Feb	  16	  
1st	  UK	  frame	  	  4/16

1st	  US	  frame	  7/16


