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Our	experiments	study	neutrinos	

Neutrinos	are	electrically	neutral,	
nearly	massless	sub-atomic	parBcles	

that	are	EVERYWHERE	in	the	
Universe	

For	every	proton,	neutron,	and	
electron	in	the	Universe,	there	are				

a	BILLION	neutrinos		
(they’re	just	invisible	to	the	eye,		

unless	you’re	this	guy)	

Neutrinos 



10,000,000 
neutrinos 	

13.7 billion year old neutrinos from the 
Big Bang are still whizzing around 

Whenever	a	star	explodes	
as	a	Supernova	99%	of	the	
energy	is	in	neutrinos	

All	stars,	like	our	Sun	

17,000,000,000,000 from the 
Sun pass through your hand  

every 10 seconds !! 

A	Banana	emits	
about	a	million	
neutrinos	per	day	

Some  

Examples 
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We can even build our own neutrino sources 

Fermilab Particle Accelerator Laboratory in Illinois, US 
where our experiment is being done January	14,	2016	 4	



Dave	Schmitz	–	April	6,	2011	 5	
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The Short-Baseline Detectors at Fermilab 

Far	Detector	
ICARUS	

MicroBooNE	

Near	Detector	
SBND	

MiniBooNE	
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Need Specialized Neutrino Detectors 
Around		
100	kV	

Liquid		
Argon	
Time	
ProjecBon	
Chamber	
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Image of a Neutrino Interaction 
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More Images from a LAr TPC 

Candidate	µ	à	e	decay	

Cosmic	muons	
with	delta	rays	

ElectromagneBc		
shower	
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The First Detector in the Program (2015) 
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The Short-Baseline Near Detector 

SBND	cryostat	

SBND	TPC	is	4m	(W)	x	4m	(H)	x	5m	(L)		
and	will	contain	112	tons	of	liquid	Argon		
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The SBND TPC 

TPC	
Component	

Ins>tu>ons	

Anode	frames	 Chicago,	Sheffield	

Anode	wiring	 Manchester,	
Syracuse	

Cathode	plane	 Liverpool	

Field	cage	 BNL,	Yale	

High	voltage	
feed-through	

UCL,	Yale	

APA	tesBng	 Lancaster	

IntegraBon,	
assembly,	and	
installaBon	

Chicago,	BNL,	
Fermilab	

4	
m
	

-100	kV	

Central	cathode	
with	two	2m	drid	

regions	

E
E

Modular	anode	
(wire)	planes,		
2	per	side	

SBND	TPC	design	and	
construc5on	is	a	joint		

US-NSF	and	UK-STFC	project	

The	APA	Steel	Frames	are	
the	first	step	in	the	TPC	
construc5on	process		
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q  150	µm	diameter	CuBe	wire	

q  0.5	kg	nominal	tension	per	
wire		

q  About	3000	wires	per	frame	

q  Each	frames	will	support	3	
layers	of	wires	(verBcal,	+60	
deg,	-60	deg)	

q  Wire	spacing	is	3	mm	

q  Wire	planes	are	separated	
by	3	mm	

q  Wire	spacing	and	
separaBon	must	be	very	
uniform	across	the	surface	
of	the	APA	frame	

q  Wires	can	NEVER	touch	

The Wires 
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How to Achieve Uniform, Stable Wire Planes 

This	is	the	
last	detector	
we	built	

C-channel	
SS	frame	
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How to Achieve Uniform, Stable Wire Planes 
q  Wire	carrier	boards	are	agached	to	tensioning	bar,	wires	loose	
q  AdjusBng	assemblies	allow	for	minor	adjustment	of	tensioning	bar	

locaBon	
q  Jacking	screws	push	down	on	tensioning	bars	to	provide	wire	tension	

q  Go	around	the	frame	adjusBng	jacking	screws,	trying	to	create	uniform	
tension	and	wire	plane	spacing	across	a	10.5m	x	2.5m	area.	

AdjusBng	assembly	

Jacking	screw	

Tensioning	bar	

Wire	carrier	boards	

C-channel	

C-channel	

Jacking	screw	
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How to Achieve Uniform, Stable Wire Planes 
q  Fermilab	Metrology	team	spent	4	days	helping	to	adjust	

tensioning	bars	to	locaBons	consistent	with	a	flat	plane	
•  Not	so	easy.		Mechanical	interferences	limit	allowed	range	of	adjustments.	

Factor	three	
variaBon	in	
tension.	

Can	cause	
noise	issues	
in	electronic	
signals	from	
the	detector.	

Tension	Map	
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q  Instead	of	adjusBng	the	wire	posiBons	and	tensions	once	they	
are	on	the	frame,	build	a	uniform	surface	to	agach	the	wires	to	
and	a	very	rigid	frame	that	will	not	deform	under	the	tension.		
Agach	each	wire,	one	at	a	Bme,	at	its	nominal	tension.		

q  In	our	design,	the	opportunity	to	ensure	this	uniform	surface	is	
in	the	addiBon	of	intermediate	wire	carrier	board	mounBng	
plates	or	“leveling	plates”	

q  There	is	no	adjustment	mechanism	later,	once	the	wires	are	
agached.	

The SBND Approach 
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The Wire Mounting “Stack” 
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The Wire Mounting “Stack” 
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The “Bare” Frame and “pre-weld” Holes 
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1. Work this drawing with Part Details.
2. Dimensions shown are after-weld and
 must include weld shrinkage.

3. All size tolerances are + - 2.5 mm.
4. Flatness to be 5 mm (ANSI) on frame front face and
 outboard face of Part 2.

5. All material to be SS T-304 100mm x 150mm x 5mm
 rectangular tubing.

Rev.A   General hole changes & Notes added    12.8.15     RN
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The “Bare” Frame and “pre-weld” Holes 
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Bare Frame Part 1 
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         APA Frame
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100 mm x 150 mm x 5 mm stainless steel T-304 rectangular tube

50 mm dia. hole - near side only - 9  places
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Rev.A   Major vent hole changes    12.2.15   RN
Rev.B   M5 threads added    1.5.16   RN
Rev.C   Hidden lines removed   1.8.16  RN
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Bare Frame Part 2 
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        APA Frame
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100 mm x 150 mm x 5 mm stainless steel T-304 rectangular tube

E

Rev.A   Vent holes changed     12.2.15   RN
Rev.B   Wrench clear+vent holes combined   12.8.15   RN
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Bare Frame Part 3 
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100 mm x 150 mm x 5 mm stainless steel T-304 rectangular tube
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Rev. A   Major vent hole changes     12.2.15    RN
Rev. B  M5 threads added    1.5.16   RN
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50 mm dia. hole - through both faces - 9 places
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Bare Frame Part 4 
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Rev.A    Views rotated     12.8.15    RN
Rev.B    Center hole now through part   12.10.15  RN
Rev.C    End mount & vent dim. changed    12.14.15   RN
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100 mm x 150 mm x 5 mm stainless steel T-304 rectangular tube
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Rev.D  Hidden lines removed   1.8.16   RN
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Bare Frame Part 6-9 
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        APA Frame
Part 6, 7, 8, 9 Pre-weld 
          Details

100 mm x 150 mm x 5 mm stainless steel T-304 rectangular tube

D

Rev. A   Vent hole changes & rotate views   12.8.15   RN
Rev. B   All holes shifted     12.14.15   RN
Rev. C   New M5 tapes added    1.4.16  RN
Rev. D  Remove hidden lines   1.8.16   RN

567
50 mm dia. hole - near side only -  3 places
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M5 threaded hole - near side only - 6 places

( Ref. )
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1.  Does	manufacturer	require	any	weld	specificaBons/symbols									
on	the	assembly	drawing?	

2.  Does	manufacturer	require	weld	preparaBon	specificaBon	on	
individual	Part	drawings?		

3.  With	regard	to	items	1,2,	SBND	happy	to	leave	to	experBse	of	
manufacturer	to	determine	weld	specs	and	prep.		Current	
drawings	do	not	specify.	

4.  Detailed	part	drawings	are	for	reference	only,	completed	
fabricaBon	dimensions	having	priority	(with	tolerance	of	±2.5	mm).		
Can	manufacturer	accommodate	weld	shrinkage	of	the	RHS	as	
detailed	in	the	individual	drawings?		

5.  SBND	requests	conBnuous	flushing	of	weld	area	during	welding	
with	argon	gas	to	provide	an	inert	environment	for	welding	and	
avoid	oxidaBon	in	the	welds	that	could	contaminate	later.	

Discussion – Bare Frame Welding 
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Discussion – Lifting Bare Frame 

PosiBon	1	

PosiBon	2	

6.  SBND	to	idenBfy	liding	lugs/loads	and	locaBons	
and	any	addiBonal	equipment	required	for	liding	
the	assembled	APA	frames.					

0.7	mm	max	
deflecBon	when	horizontal	
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7.  Geometric	tolerance	symbols	in	relaBon	to	flatness	are	depicted	on																				
the	assembly	drawing.		The	secondary	wire	carrier	plate	system	has	been	
designed	to	accommodate	a	maximum	shimming	of	5~mm	off	the	RHS	surfaces,	
however	flatness	achieved	beyond	that	specificaBon	may	ease	the	process	of	
plate	installaBon.	

Discussion – Frame Flatness 
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Outer	perimeter	of	front-face	
and	out-board	face	of	Part	2	
most	important.		
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8.  Ader	the	jig	has	been	assembled	and	fixed,	will	the	
manufacturer	batch	fabricate	all	4	APA's	or	build	a	first	
complete	bare	frame	to	assess	outcomes?	

9.  A	``pre-weld''	hole	set	has	been	defined	which	can	be	
machined	on	individual	parts	prior	to	APA	assembly.		Some	of	
these	holes	are	on	the	back-face	or	inboard	edges	of	the	
frame.	

Discussion – Bare Frame 
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The “post-weld” Hole Design 

SECTION A-A
SCALE .1

DETAIL  B
SCALE .5

DETAIL  C
SCALE .25

DETAIL  D
SCALE .25

A

B

C

D

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

A A

B B

C C

D D

E E

F F

G G

H H

SHEET 1  OF 1 

DRAWN

CHECKED

QA

MFG

APPROVED

rnorthrop 1/8/2016

DWG NO

APA_10-inventor

TITLE

SIZE

E
SCALE

REV

30
1.

38

39.98

367.98

192.00 192.00

70.0052.00140.00 70.00 52.00 140.00

39
.6

8

15
.0

0

15
.0

0

27.00
7.00

38.00

41
7.

43

22
1.

70
22

1.
70

62.50

12
5.

00
12

5.
00

62
.5

0

12
5.

00
12

5.
00

0 
- 

5 
m

m
  r

an
ge

330

38.00

APA Frame Assembly

S B N D

203.54

41
50

.0
0

Left APA Frame Right APA Frame

Front View

Drawing Views are Third Angle Projections

Dimensions are millimeters

Insert not shown

10.00 mm Reamed hole

M4 Threaded holes

Design	involves	integraBon	of	all	
detector	components.		Working	on	

final	engineering	design	now.		

10.  A	``post-weld''	hole	set	has	been	separately	defined	which	must	be	
machined	onto	the	completed	bare	frame	in	order	to	achieve	needed	
precision	in	relaBve	locaBons.		All	of	these	holes	are	on	the	front-face	
or	outboard	edges	of	the	frame.	
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The “post-weld” Hole Design 

Machining	of	post-weld	holes	
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11.  InstallaBon	of	wire	carrier	plates	(i.e.	leveling	plates)	necessitates	a																				
survey	to	determine	the	shim	pagern	that	will	improve	wire	mounBng										
surface	flatness	over	the	as-built	bare	frames	to	the	required	1~mm	(ANSI)	level.		
Frame	may	need	to	be	in	verBcal	posiBon	when	surveyed	in	order	to	avoid	
measuring	and	shimming	out	a	gravity-induced	sag	while	in	a	horizontal	
orientaBon.		There	may	be	other	ways	to	remove	the	sag	and	create	a	``verBcal-
like''	posiBoning	-	requires	addiBonal	thought	and	discussion.					

12.  Are	shims	and	miscellaneous	fasteners	to	be	supplied	by	manufacturer	or	by	
SBND?	

Discussion – Leveling Plates 
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13.  Cleaning	of	the	frames	inside	and	out	is	very	important.		Shavings	from																				
pre-weld	holes	can	be	flushed	easily	from	the	individual	parts	tubes	before				
welding.		Shavings	from	post-weld	holes	present	a	bigger	challenge	as	some	will	
become	trapped	in	capped	RHS's.		The	50~mm	vent	holes	could	perhaps	be	used	to	
inject	high	pressure	air/water	or	vacuum	hoses	for	flushing	out	debris.		Are	
addiBonal	holes	needed?		Can	specialized	bits	and	taps	be	used	to	minimize	debris	
pushed	into	the	RHS?		Note	that	if	trapped	dirt	or	metal	shavings	leave	the	tube	
once	submerged	in	liquid	argon,	it	could	be	very	damaging	for	the	detector.		

Discussion – Cleaning 

Note:	we	are	agempBng	to	minimize	the	number	
of	post-weld	holes	on	trapped	tube	volumes	
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Discussion – Cleaning 

SECTION B-BSECTION C-C

SECTION E-E

SECTION F - F

B C

E

F

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

A A

B B

C C

D D

SHEET 1  OF 1 

DRAWN

CHECKED

QA

MFG

APPROVED

rnorthrop 11/25/2015

DWG NO

APAframeWeldment2

TITLE

SIZE

D
SCALE

REV

2566

41
50

.0
0

1250

12
50

12
50

1133 1133

S B N D 

APA Frame 1 Left  -  Inside View
 Weldment

Part
 1 Part

 2
Part
 3

Part
 4

Part
 5

Part
 6

Part
 7

Part
 8

Part
 9

General Notes-

1. Work this drawing with Part Details.
2. Dimensions shown are after-weld and
 must include weld shrinkage.

3. All size tolerances are + - 2.5 mm.
4. Flatness to be 5 mm (ANSI) on frame front face and
 outboard face of Part 2.

5. All material to be SS T-304 100mm x 150mm x 5mm
 rectangular tubing.

Rev.A   General hole changes & Notes added    12.8.15     RN
Rev.B   Center thru vent hole added     12.10.15    RN
Rev.C   New holes added & cl.holes loc. changed  12.14.15  RN
Rev.D  Minor additions & chgs.    12.15.15    RN
Rev.E  New Drawing          1.4.16   RN
Rev.F  Misc. additions   1.6.16   RN
Rev.G  Misc. changes  1.7.16   RN
Rev.H  Hidden lines removed from all views  1.8.16  RN

Dimensions are millimeters H

Top View

Bottom
 View

F

E

C
B

 Front
 Face

(wires)

dschmitz

Typ. Typ.

A
5.0 

Back Face

B
5.0

M5 threads for LDS 
14 per opening
Back face only

Drawing views are Third Angle Projections

100 x 100 x 6 x 330  SS RHS  -  Welded 

Front Face

trapped	 trapped	

trapped	 trapped	

trapped	

trapped	

trapped	

trapped:	limited	holes	(few	M2’s	for	“combs”)	

trapped:	many	holes	

open	at	ends	
op

en
	a
t	e

nd
s	

op
en

	a
t	e

nd
s	

*5	cm	vent	holes	in	all	pieces	



January	14,	2016	 38	

14.  Stretching	and	gluing	of	mesh	on	the	front-face											
probably	most	easily	done	prior	to	installaBon	of	leveling	
plates.		SBND	to	supply	mesh	and	adhesive.	

Discussion – Mesh 
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Discussion – Mesh 

Installing mesh on prototype 
frame.  Once it was cut and put 
loosely in place it only took a 
few minutes to pull it taut. 
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15.  How	to	organize	transportaBon	and	logisBcs	to	Daresbury?	

Discussion – Transport 
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q  Support	loads	in	final	detector	configuraBon	
•  6	Hanger	supports:	4	at	APA	corners,	2	at	CPA	ends	
•  TPC	total	weight	~4400	kg	

Discussion – Load 

EnBre	detector	
suspended	at	6	points	
from	above	in	final	
configuraBon	

Each	steel	frame	
about	480	kg	
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Thank you for 
your time! 


