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SBND

• A LArTPC detector as part of the three-detector Short Baseline Neutrino 
(SBN) program using Fermilab’s Booster Beamline (BNB)

• A new scientific international collaboration of 33 institutions from US, UK, 
Switzerland and Brazil

SBND - Short-Baseline Near Detector 
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SBND	Logo Fraction	of	the	178	collaborators		



SBND

• Serve as a near detector in sterile neutrino search through nµàne oscillation 
• Study n-Argon interaction physics using millions of events 

Scientific Mission of SBND Experiment
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nµ BNB

ICARUS MicroBooNE SBND
BNB	Target

Short	Baseline	Neutrino	Program
Using	the	Booster	Neutrino	Beamline

SBND 110	m 112	ton
MicroBooNE 470	m 87	ton

ICARUS 600	m 476	ton



SBND

• Detector design and construction serve as a key prototype for long baseline 
neutrino program (i.e.DUNE)

• Many key detector components have designs and construction procedures 
similar or complementary to (proto)DUNE

Detector R&D Mission of SBND 
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2015 LBNE 35ton 2018 protoDUNE

2015 MicroBooNE

DUNE 20kt 2026 

ICARUS@LNGS

2019 SBND 2018	ICARUS@SBN

LBN

SBN
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SBND Detector Components

Cryostat		

Cryogenic	PMTs	 	TPC

Cosmic	Ray	Tagger

Cold	Electronics

Cryogenics	and	Building



SBND

• TPC in LAr for neutrino interaction tracking
– 112-ton active LAr volume, 270-ton total LAr
– 4m (tall) x 5m (long - beam) x 4 m (wide –drift) : two 2m drift volumes (500v/cm drift field)
– Cathode Plane Assembles (CPA) in the middle
– Anode Plane Assembles (APA) on the two ends
– APA has 3 wire planes with 3mm spacing: vertical (Y-layer ) and ±60o (U-layer & V-layer) 

TPC Design

5/22/20175 TIPP 2017

APAs

Field 
Cage

CPA

HV-FT

5 m
4 m

4 m

05/27/16 XIIIth Heavy Quarks and Leptons 12

Liquid Argon Time Projection Chambers

● Charged particles ionize argon and creates 

scintillation light 

● Scintillation light is detected by PMTs

● Electric Qeld drifts electrons to wire chamber 

planes where they read-out

● 2D, 3D reconstruction of charge particle 

tracks

● Total charge is proportional to the deposited 

energy → calorimetry

● dE/dx along the track → Particle identiQcation
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SBND

• Two 2.5m wide wire frames on each side of 
the drifting field

• U/V wires are electronically connected from 
the two wire frames for a continuous coverage 
– The connected wires are readout as one 
– Total 11,263 channels readout

Anode Plane Assemblies
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Anode	Plane	Assemblies



SBND

• APAs are being built by UK-STFC and US-NSF supported Universities 
– UK: Manchester U, U Sheffield, Liverpool U, and U Lancaster 
– US: Yale U, Syracuse U and U Chicago

• APA frames are fabricated by UK  company and to be delivered in June
– Flatness of +/– 0.5 mm requirement reached by shimming  
– Tighter requirement than DUNE due to the smaller 3mm wire plane spacing

Anode Plane Assemblies Progress
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Production	APA	Frames Winding	Prototyping	at	US	and	UK



SBND

• Winding to start in July at UK and US facilities
Wire Winding
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Wire	Carriages

Wire	Head

Wright	Lab	at	Yale
Daresbury	Lab	



SBND

• Stainless steel frames with meshed sub-frames
• In final production stage at Liverpool University

Cathode Plane Assemblies  
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HV	connection



SBND

• 100KV is supplied by HV feed-through tube going through cryostat roof 
• Roll-formed field cage tubes surrounds the drifting area

– SBND design works with stainless steel or aluminum roll-form
• Both field cage and feed-through in production soon

HV System
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Field	Cage HV	Feedthrough	 Test



SBND
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TPC Electronics   
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FIG. 7: A readout crate showing, from left to right, the crate controller, up to 16 FEM modules,

the XMIT and the 3 PCIe cards used for communicating with the crate and resident in a PC.

C. The TPC readout156

In MicroBooNE, the TPC signals are digitized outside of the cryostat in a board developed157

by BNL and joined to a Nevis board, the FEM, that provides the compression, storing and158

trigger application. In LAr1-ND the signals will be digitized within the cryostat and after159

emerging from the feedthrough, will go through a copper to optical transceiver and arrive on160

optical fibers at an adaptation of the MicroBooNE FEM Nevis boards. The FEMs will each161

receive signals from 64 wires and will be modified to include an optical to copper converter162

AFBR-59R5LZ and a deserializer TLK2501IRCP. The signals will then be treated in exactly163

the same way as in MicroBooNE, thus capitalizing on the extensive Nevis hardware and firmware164

design and development performed for MicroBooNE165

A total of 176 FEMs will be required and will be housed in eleven 6U crates, sixteen 64-166

channel FEMs per crate. The crates each also house a fast data transmission module (XMIT)167

and a crate controller (CC) used for parameter transmission to the FEMs and for a slow168

debugging mode readout. A MicroBooNE crate layout is shown in Figure 7.169170

The digitized data stream is shown in Figure 8. The FPGA stores the data from 64 wires171

sequentially in time in a 1M x 36 bit 128 MHz SRAM memory, grouping two ADC words172

together in each 36 bit memory word. This requires a data storage rate of (64/2) x 2 MHz = 64173

MHz. Since data reduction and compaction algorithms rely on the sequential time information174

of a given wire, the data readout out from this SRAM memory takes place in wire order in175

alternate clock cycles, again at the rate of 64 MHz. The SRAM chip size and memory access176

speed permit continuous readout of the TPC data. The data is arranged in frames of 1.28ms,177

the maximum drift time. Since the readout clock is not synchronous with the accelerator spill178

time, the 3.84 ms worth of data relevant to an accelerator neutrino event spans four 1.28 ms179

long frames. In order to reduce the amount of data being transmitted, the FPGA trims the four180

frames to span the exact 3.84 ms required. Experience with a Fermilab test stand demonstrates181182

that on any given wire, successive data samples vary relatively slowly in time. In most cases,183

Readout	&	Trigger
(Columbia	U)

Feed-through	&	
Warm	Interface

(BNL)

Cold	Electronics
(BNL)



SBND

SBND Cryostat Design
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3rd generation	prototype	for	DUNE
• Experience	 from	two	DUNE	prototypes
• Lighter	beam	and	support	 structure	 ribs
• CERN	designs	and	fabricates

Detector	Penetrations

Feed-through	(TPC-left,	PMT-right)	



SBND

• 120 PMT 8” Hamamatsu PMTs and CAEN readout electronics 
for scintillation light detections
– Supported by Los Alamos National Lab funding
– All PMTs and electronics are in hand

Scintillation Light Detection  
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SBND

• Scintillation bars surrounding the cryostat to provide cosmic 
tagger function: 94% muon flux coverage

Cosmic Ray Tagger
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Scintillation	bars	with	optical	fiber

CRT	Panels	



SBND

• SBND detector is a new LArTPC detector for sterile neutrino measurement 

and detector R&D 

• The detector is being designed, fabricated and assembled by an 

international collaboration of US, UK, Swiss  and Brazil institutions 

• The experience of designing, building and operating a large LArTPC is 

valuable to the future of the neutrino program

• We are on track to finish the detector construction and start cold 

commissioning in first half of 2019

• A lot of exciting things to be expected in the coming years

Summary and Outlook
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