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BRIEF HISTORY/TIMELINE OF SBND
๏ January 2014 FNAL PAC: A new 

LArTPC near detector for the Booster 
Neutrino Beam (then called ‘LAr1-ND’) 
was proposed; initially a ND for 
MicroBooNE. 
- The ICARUS collaboration also proposed to 

transport the ICARUS-T600 to Fermilab and build 
a new 1/4-scale detector for a near detector.  

- The PAC recommended that the two collaborations 
(+MicroBooNE) work together to develop a coherent 
FNAL Short-Baseline Neutrino Program. 

๏ January 2015 FNAL PAC: Returned 
with the full ‘SBN Proposal’ that 
detailed the science goals and technical 
plans for a three-detector LArTPC 
program on the BNB, including 
MicroBooNE, ICARUS, and SBND.   

๏ Stage 2 approval from FNAL. 

๏ 2015-2016: Design and construction of 
a new experimental hall at Fermilab. 
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BRIEF HISTORY/TIMELINE OF SBND
๏ 2015-2019: Design and construction 

of the SBND detector systems: TPC, 
photon detectors, cryostat and 
cryogenics, cosmic ray tagger. 
- Major construction activities in the US 

(DOE and NSF), UK, Switzerland, Brazil, 
and CERN.  

๏ 2019-March 2020: TPC assembly 
at FNAL. Cryostat final design and 
construction at CERN and FNAL. 

๏ March 2020-Present: COVID-19 
paused all on-site activities at 
Fermilab in March.   
- TPC assembly most impacted, but work slowly 

restarting now.   

- Good progress continued in planning procedures 
and documentation (to be best prepared when 
work resumes), DAQ software development, and 
simulation and physics analysis development.  
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Booster Beam

arXiv:1503.01520, January 2014

SBN Proposal: arXiv:1503.01520

470t LArTPC, 600m from target

ICARUS-T600 SBND

112t LArTPC, 110m from target

MicroBooNE

89t LArTPC  
470m from target
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have equal content as K0
S and K0

L. As a result, the produc-
tion properties of neutral kaons decaying as K0

L can be
obtained by measuring theK0

S production properties. While
the K0

S can contribute to the neutrino flux via the decay of
the charged pions produced in the K0

S ! !þ þ !" decay,
the most important consideration is the production of "e

from the decay of the K0
L. The long life time of the K0

L,
together with the fact that they are not focussed, lead to the
expectation that the contribution of neutrinos for this
source will be small relative to the Kþ.

The primary source of data for the parametrization
comes from two measurements of K0

S production in p-Be
interactions in the BNL E910 experiment (pbeam ¼ 12:3
and 17:5 GeV=c) and the measurements of Abe et al. [56]
(pbeam ¼ 12:3 GeV=c) at KEK. Since the neutral kaons are
not focused by the magnetic field of the horn, the forward
production (< 5$) is particularly relevant for predicting
the BNB neutrino flux. While the production data from the
BNL E910 and KEK measurements do not cover this
region, the combination of the two data sets are sufficient
to constrain the production cross section in this forward
region via the Sanford-Wang parametrization. The ex-
tracted parameter values and covariance matrix are sum-
marized in Table IX.

For K" production, the scarcity of production measure-
ments in the relevant kinematic regions motivated the use
of the MARS hadronic interaction package [57] to deter-
mine the absolute double differential cross sections. The
cross sections are obtained by simulating 8:89 GeV=c
p-Be interactions on a thin beryllium target and recording
the rate and spectrum of outgoing K". The expected
relative contribution of neutrinos of all species from K"

decays is expected to be small. Neutrino flux contributions
from semileptonic hyperon decays (e.g. !, ", etc.), esti-
mated using a FLUKA [58] simulation, are also negligible.

Secondary protons and neutrons emerging from the
p-Be inelastic interactions are simulated based on the
predictions of the MARS model, with the exception of
quasielastic scattering, in which case the final state proton
kinematics are handled by a custom model. The production
of all other particle species is handled by the default
Geant4 hadronic model.
The properties of the particle production model are

summarized in Table X. The table shows the average
multiplicity per p-Be reaction (defined as inelastic inter-
actions excluding quasielastic scattering), along with the
mean momentum and production angle. The !þ and !"

production occur with similar multiplicities, though the
former tends to be harder and more forward directed.
The larger overall multiplicity for the !" is due to the
extrapolation of the cross sections to large angles that are
not covered in the HARP and E910 measurements. Since
the contribution to the neutrino flux from such pions is
small, the impact of uncertainty in this extrapolation is
suppressed. The kaon production is an order of magnitude

TABLE X. Average multiplicity per particle-producing reac-
tion for secondary particles produced in the inelastic collisions
of 8:89 GeV=c primary protons on beryllium, as well as average
momentum hpi and angle h#i with respect to the primary proton
direction. Multiplicities and average kinematics refer to particles
produced in the forward hemisphere in the laboratory frame and
with transverse momentum less than 1 GeV=c. *see comment in
text.

Particle
Multiplicity
per reaction

hpi
(GeV=c)

h#i
(mrad)

p 1.5462 2.64 441
n 1.3434 1.59 586
!" 0.9004* 0.82 556
!þ 0.8825* 1.11 412
Kþ 0.0689 1.69 332
K0 0.0241 1.34 414
K" 0.0024 1.26 259
Total 4.7679 1.69 496
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FIG. 27 (color). Total predicted flux at the MiniBooNE detec-
tor by neutrino species with horn in neutrino mode.
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FIG. 28 (color). Total predicted flux at the MiniBooNE detec-
tor by neutrino species with horn in anti-neutrino mode.
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MicroBooNE

TheBoosterNeutrinoBeam
horn.Thelargestfieldvaluesof1.5Teslaareobtained
wheretheinnerconductorisnarrowest(2.2cmradius).
Theeffectsoftime-varyingfieldswithinthecavityofthe
hornarefoundtobenegligible.Theexpectedfieldprop-
ertiesofthehornhavebeenverifiedbymeasuringthe
currentinducedinawirecoilinsertedintotheportalsof
thehorn.Figure5showsthemeasuredRdependenceofthe
azimuthalmagneticfieldcomparedwiththeexpected1=R
dependence.The‘‘skineffect’’,inwhichthetime-varying
currentstravelingonthesurfaceoftheconductorpenetrate
intotheconductor,resultsinelectromagneticfieldswithin
theconductoritself.

Duringoperation,thehorniscooledbyaclosedwater
systemwhichsprayswaterontotheinnerconductorvia
portholesintheoutercylinder.Thetargetassemblyis
rigidlyfixedtotheupstreamfaceofthehorn,although
thetargetiselectricallyisolatedfromitscurrentpath.At
thetimeofwriting,twohornshavebeeninoperationinthe
BNB.Thefirstoperatedfor96!106pulsesbeforefailing,

FIG.4(coloronline).TheMiniBooNEpulsedhornsystem.
Theouterconductor(gray)istransparenttoshowtheinner
conductorcomponentsrunningalongthecenter(darkgreen
andblue).Thetargetassemblyisinsertedintotheinnercon-
ductorfromtheleftside.Inneutrino-focusingmode,the(posi-
tive)currentflowsfromleft-to-rightalongtheinnerconductor,
returningalongtheouterconductor.Theplumbingassociated
withthewatercoolingsystemisalsoshown.

FIG.3(coloronline).Left:NeutrinoeventtimesrelativetothenearestRFbucket(measuredbytheRWM)correctedforexpected
time-of-flight.Right:Anoscilloscopetraceshowingthecoincidenceofthebeamdeliverywiththehornpulse.Thetoptrace(labeled
‘‘2’’ontheleft)isadiscriminatedsignalfromtheresistivewallmonitor(RWM),indicatingthearrivalofthebeampulse.Thebottom
trace(labeled‘‘1’’ontheleft)isthehornpulse.Thehorizontaldivisionsare20!seach.
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FIG.5.Measurementsoftheazimuthalmagneticfieldwithin
thehorn.Thepointsshowthemeasuredmagneticfield,whilethe
lineshowstheexpected1=Rdependence.Theblacklines
indicatetheminimumandmaximumradiioftheinnerconduc-
tor.
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allowableaveragespilldeliveryratetotheBNBis5Hz,setbythedesignofthehornandits
powersupply.

TheBNBhasalreadysuccessfullyandstablyoperatedfor12yearsinbothneutrinoandanti-
neutrinomodes.Thefluxesarewellunderstoodthankstoadetailedsimulation[13]developed
bytheMiniBooNECollaborationandtheavailabilityofdedicatedhadronproductiondatafor
8.9GeV/cp+BeinteractionscollectedattheHARPexperimentatCERN[14,15].Systematic
uncertaintiesassociatedwiththebeamhavealsobeencharacterizedinadetailedwayasseen
inRefs.[13,16]withatotalerrorof�9%atthepeakofthe�µfluxandlargerinthelowand
highenergyregions.
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FIG.3:(Top)TheBoosterNeutrinoBeamfluxatthethreeSBNdetectors:(left)LAr1-ND,(cen-
ter)MicroBooNE,and(right)ICARUS-T600.(Bottom)Ratioofthefluxesforeachneutrinospecies
betweenICARUSandLAr1-ND(left)andbetweenICARUSandMicroBooNE(right).Fluxesatthe
fardetectorsfallo�fasterthan1/r2whencomparedtothe110mlocationandthe�µ/�̄µspectraare
harderduetotherestrictedsolidangleatthefarlocations.Thesee�ectsandassociatedsystematic
uncertaintiesarefullyconsideredintheanalysis.Thefardetectorlocationsareclearlyinthe1/r2

regimewith4702/6002=0.61.

TheneutrinofluxesobservedatthethreeSBNdetectorlocationsareshowninFigure3.
Notetherateintheneardetectoris20-30timeshigherthanattheMicroBooNEandICARUS
locations.Also,oneseesthe�µspectrumisslightlyharderatthefarlocationsasaresultof
thenarrowersolidangleviewedbythefardetector.We’llseelater,however,thatthisdoes
notintroduceasignificantsystematicinoscillationsearches.Theshapesofthe�e/�̄efluxes
aremoresimilar.Thecompositionofthefluxinneutrinomode(focusingpositivehadrons)is
energydependent,butisdominatedby�µ(�93.6%),followedby�̄µ(�5.9%),withanintrinsic
�e/�̄econtaminationatthelevelof0.5%atenergiesbelow1.5GeV.Themajorityofthe�µflux
originatesfrompiondecayinflight(�+�µ++�µ)exceptabove�2GeVwherechargedkaon
decayisthelargestcontributor.Asubstantialportionoftheintrinsic�eflux,51%,originates

≥0.5%‹e(arxiv:1503.01520)
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SCIENCE PROGRAM
1. SBND, as the Near Detector, plays a unique role in 

the flagship physics goal of SBN: testing the 
hypothesis of light sterile neutrinos. 

- Sterile 𝜈 oscillation searches come down to systematics, and 
a near detector with the same nuclear target, same detection 
technology, and located in the same beam is the key. 

- Having a ND enables simultaneous tests of 𝜈e appearance 
AND 𝜈𝜇 disappearance in the same experiment.  
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P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019)
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𝝂e appearance
𝝂𝝁 disappearance

Ability to observe                       
𝜈𝜇 disappearance is essential 
to the interpretation of any 
electron neutrino excess as 
being due to the existence of 

sterile neutrinos

5𝜎 coverage of 
global best fits 

and original 
LSND 99% CL 

allowed region in 
𝜈e disappearance.

SBN Proposal: arXiv:1503.01520 
P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019)



SCIENCE PROGRAM
2. The large detector mass, precision reconstruction 

capabilities, and proximity to the neutrino source have 
caught the attention of the theory community for 
other BSM searches that SBND can perform.
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Courtesy P. Machado (FNAL Theory Department) 

This is SBND from a 
theorist’s perspective!
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Two general categories of phenomena: 

Modifications to neutrino oscillations (large extra 
dimensions, decaying sterile neutrinos, …)    

New states produced in the beam target (dark matter, 
heavy neutrinos, millicharged particles, …)

P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019) and many references therein



SCIENCE PROGRAM
3. SBND will have the largest sample of GeV-scale 

neutrino interactions on argon before DUNE. 

- ～7 million 𝝂𝝁 interactions (0.2-3 GeV) in 6.6e20 POT run 

-  Also 50,000 𝝂e interactions 

-  Reproduce a full MicroBooNE data set every 2-3 months   
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P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019)

inclusive statistics exclusive channels

Large data set will enable 
differential measurements in 

multiple kinematic dimensions, 
the exploration of small-rate 

channels not accessible to other 
experiments, and the 

disentangling of aspects of 
neutrino-argon interaction 

phenomenology through 
measurements in many 

exclusive channels. 



SCIENCE PROGRAM
3. SBND will have the largest sample of GeV-scale 

neutrino interactions on argon before DUNE. 

- ～7 million 𝝂𝝁 interactions (0.2-3 GeV) in 6.6e20 POT run 

-  Also 50,000 𝝂e interactions 

-  Reproduce a full MicroBooNE data set every 2-3 months   

�12SBND  |  Fermilab PAC  |  July 1, 2020

Gray-scale shows 
kinematical coverage of the 

LBNF beam for DUNE in 
(Q2, xBjorken) space.

Areas where SBND 
statistical error is    

< 5% 

Areas where SBND 
statistical error is    

< 2% 

lighter shade = larger statistics

Lines of constant 
hadronic invariant 

mass W shown 
for reference

Even though DUNE is at 
higher energy, SBND covers 

kinematic regions most 
relevant for DUNE 
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Cryogenic	
Dewars	

TPC	

Proximity	
Cryogenics	

Side	CRT	

Top	CRT	and	
Overburden	

Readout	racks	 Top	CRT	

Cryostat	

SBND EXPERIMENT
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TPC

Membrane cryostat 
constructed inside 
an outer warm steel 
structure, with the 

TPC supported from 
the cryostat top.  



THE SBND TPC
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Photon Detection System module (x24) 
(PMTs and ARAPUCAs)              2m drift regions

E

E

4 m
5 m

4 
m

𝜈 b
eam

Anode Plane Assembly (x4)  
(4m x 2.5m each)

Field cage

Cathode Plane

High Voltage 
-100 kV



CONSTRUCTION STATUS OVERVIEW
๏ All TPC components (anode, cathode, field 

cage, HV) were constructed at collaborating 
institutions and are now at FNAL for 
assembly. 

๏ All PMTs successfully tested in LAr, now 
ready to ship to FNAL. 

๏ ARAPUCA final testing and assembly 
ongoing. 

๏ TPC electronics all tested and at FNAL for 
installation.
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SBND	Building

DAB

TPC, PMTs, electronics

ARAPUCAs

TPC Cryo

CRT

๏ Electronics for photon detection systems 
(PDS) also available and integrated into 
DAQ. 

๏ DAQ operational at SBND hall; test stand 
at DAB.   

๏ CRT (cosmic ray tagger) panels and 
electronics mostly at FNAL.  Bottom 
already installed. 

๏ Warm cryostat installed at SBND building.  
Cryostat top under construction at CERN.  
Membrane cryostat materials ordered. 

Cryo installation 
Bottom CRT 

DAQ installation

TPC assembly 
PDS assembly 
DAQ test stand



ANODE PLANE ASSEMBLIES (APA)
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4 APAs: steel frame supporting 
150 𝜇m CuBe wires, 3mm pitch.

vertical collection (Y-plane) 
± 60° induction (U-plane, V-plane)

Wire	winding	at	Daresbury Wire	winding	at	Yale
2 APAs built in the UK

Aligned, mechanically 
and electrically 

connected in clean tent 
at DAB, Fermilab.

2 APAs built in the US

Jumper	cable	installation	for	electrical	coupling	between	planes



CATHODE PLANE, FIELD CAGE, HV
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Roll-formed aluminum profiles 
with polyethylene end caps. 

 Same design as ProtoDUNE-SP 

Field cage

Welded, electropolished assembly composed of a stainless steel 
tube frame supporting stainless mesh panels

Coaxial FT: a 
stainless steel 
core and 
grounding sheath 
with polyethylene 
insulator.
Same design as 
ProtoDUNE-SP
Contact with 
cathode via 
spring-loaded tip 
into a donut. 

Cathode Plane

Cathode assembled upright at DAB 

Successful operation of 
ProtoDUNE-SP at 

180kV represents a 
valuable test for SBND, 
which shares the design 

for HV and field cage. 
SBND nominal = 100kV 

HV feed-through connection



TPC ELECTRONICS
๏ 11,263 TPC channels 

๏ Cold Electronics (front end) 

- FE ASIC (amplifier and shaper) + 
commercial ADC (AD7274) 

- FEMB production and testing completed. 
Delivered to Fermilab and acceptance 
tested.   

- All cold electronics are ready for 
installation. 

- Signal feed-throughs at FNAL and leak 
tested. 

๏ TPC  Readout Electronics (back end) 

- 4 TPC readout racks and all 11 warm 
readout crates installed at SBND building. 

- Passed pORC and racks powered-up on 
March 11, 2020.  
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Cold electronics acceptance 
testing at DAB, Fermilab

Warm readout installed and 
operational at SBND hall.



PHOTON DETECTION SYSTEMS
๏ Composite photon detection system that 

enhances the amount of light collected 
and provides R&D opportunities 

- Detect both direct scintillation light (VUV) 
and visible light (Cherenkov or reflected) 

๏ 24 photon detector modules mounted 
behind the Anode Planes 

- 120 8” Hamamatsu PMTs  

๏ 96 coated with wavelength-shifting 
Tetraphenyl Butadiene (TPB)  

๏ 24 uncoated for seeing visible light 

- 192 ARAPUCA light collectors 

๏ 8 ARAPUCA + 8 X-ARAPUCA read out 
by CAEN SiPM readout electronics 

๏ 176 X-ARAPUCA + DAPHNE SiPM 
readout electronics, adapted from Mu2e 
cosmic veto system
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PMTs being tested in 
Coherent Captain Mills 

(CCM) detector at LANL

SBND PDS module 
5 PMTs + 8 ARAPUCAs

ARAPUCA: Trap photon with highly reflecting 
surface. Device composed of dichroic filter 

windows and a highly internally reflective box 
instrumented with silicon SiPMs 

X-ARAPUCA: additional layer of light guide

Prototype 
system for 

DUNE



BOOSTING LIGHT COLLECTION
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stainless mesh 
panels carry HV

cathode 

• VUV direct 
• Visible reflected 
• Total light

100 photoelectrons per MeV 
when combining direct and 

reflected light! 

PMTs only

Foils installed in 16 cathode panels 
at DAB last year, ready for install.

TPB coated reflective foils behind mesh



TPC ASSEMBLY
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atf rolled outside 
DAB for load test in 

December 2019

The Assembly Transport Frame (atf) 
supports the entire detector during 

assembly and for transport to the SBND 
building from DAB.

The atf represents a 
substantial engineering 

effort in 2019-2020. 
COVID-19 interrupted 

construction, but resuming 
now with technicians 

returning to activities in 
DAB.  Will be completed 

very soon. 

detector support structure

clean room  
add-ons



COSMIC BACKGROUND MITIGATION
๏ SBND is on the surface.  To mitigate cosmic induced 

backgrounds, it is equipped with a Cosmic Ray Tagger 
system (CRT). 

๏ All sides of the cryostat are covered by planes of 
extruded scintillator strips read out by SiPMs. 

- 135 modules ranging from (1.8m x 1.8m) to (4.5m x 1.8m) 

- 100% Bottom and Side CRT panels constructed at University of 
Bern and delivered to FNAL.  Production of Top CRT >50% 
complete.  

- Bottom CRT panels installed in final position under the warm 
cryostat vessel. 

�22SBND  |  Fermilab PAC  |  July 1, 2020

2 MPPCs per strip 

Each module is read out 
by one front end board 
(CAEN)Nearly 4𝜋 coverage



DAQ AND ONLINE MONITORING
๏ Readout Test Stand at DAB 

- Porting readout code & control and monitoring 
code from ProtoDUNE and previous SBND test 
stand to sbndaq. 

- Work in progress for synchronization of data 
readout across subsystems: TPC, PMT, CRT and 
trigger. 

- Developing Run Control GUI 

- Developing Online Monitoring tools 

๏ Installation at SBND building 

- Using portable test stand to feed data to readout, 
first data acquisition runs taken April 22, 2020. 
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Servers,	
GPS,	White	
Rabbit

Light	
Readout,	
Trigger,	
Timing

TPC	Readout,	
BNL	CE,	Nevis

Muon	Stack	
trigger	source

DAQ test stand at DAB



CRYOSTAT CONSTRUCTION
๏ SBND membrane cryostat is a 3rd generation 

prototype for DUNE (WA105, ProtoDUNE, SBND). 

๏ Warm outer vessel installed in SBND building last 
year. 

๏ Membrane materials order placed by CERN in 
March with manufacturer in South Korea.  
Delivery expected end of December. 

๏ Cryostat top cap fabrication at CERN.  Work 
paused due to COVID-19. 
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TPC

Warm vessel in 
SBND building

Cryostat Top Cap 
fabrication at CERN



SIMULATION AND ANALYSIS
๏ Including realistic effects in SBND 

detector simulation well in advance 
of data taking. 

- Based on lessons learned by the 
community on other detectors 
(MicroBooNE, ProtoDUNE-SP) as well as 
SBND test stand measurements. 

๏ Lots of progress in physics analysis 
in all three areas: SBN oscillations, 
BSM searches, and neutrino-argon 
interactions. 

- Analysis using full reconstruction and 
realistic simulation is already ‘the norm’.
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Space charge effects recently implemented in SBND TPC simulation

Recently changed from white noise to data-driven 
noise model using SBND FEMB test stand data

channel noise 
depends on 
wire length

Detailed studies of 
the choice of signal 
deconvolution filter 

on hit efficiency and 
calorimetry 

measurements 

Example of common selection of 𝜈𝜇-CC interactions in 
SBND and ICARUS for 𝜈𝜇 disappearance analysis  

(will be shown tomorrow in SBN talk at Neutrino 2020)



PUBLICATIONS
๏ First two Physics PhDs based on SBND 

work! 

1. Tom Brooks, U. of Sheffield, “Selecting 
Charged Current Muon Neutrino 
Interactions on Argon with the Short-
Baseline Near Detector”, submitted June 
2020.  

2. Dom Barker, U. of Sheffield, on selecting 
electron neutrino interactions, writing 
now.     

๏ First two SBND Publications: 

1. SBND Collaboration, “Construction of 
precision wire readout planes for the 
Short-Baseline Near Detector (SBND)”, 
2020 JINST 15 P06033. 

2. SBND Collaboration, “Cosmic Background 
Removal with Deep Neural Networks in 
SBND”, now in collaboration review.
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https://doi.org/10.1088/1748-0221/15/06/P06033 
published 
yesterday!

https://doi.org/10.1088/1748-0221/15/06/P06033


LOOKING AHEAD
๏ Project schedule recently reviewed and 

updated by entire project team  

- Externally reviewed at February 2020 
Director’s Review 

- Mini-review planned for September/October to 
check on progress 

- COVID-19 impacts not included in that 
analysis 

๏ Major Milestones: 

- TPC assembly scheduled complete in early 
2021 (including cold electronics installation). 

- Detector ready-to-fill projected for October 
2021. 

- Detector commissioning and operation in first 
half of 2022. 

๏ SBND will record beam data at 
approximately 7 times the rate of 
ICARUS and 24 times the rate of 
MicroBooNE.
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～9e20 POT

～12e20 POT

long 
shutdown



SUMMARY
๏ Great progress has been made toward the 

construction of SBND 

- Most major detector system components are at 
FNAL for assembly.  Cryostat materials ordered.  
Fermilab is the new center of construction activity. 

- Support from Neutrino Division, Fermilab, and DOE 
has been strong and is greatly appreciated by the 
39 institutions of the SBND Collaboration.   

- As everywhere, SBND has suffered setbacks due to 
COVID-19, but interrupted work is starting to 
resume. 

๏ The Collaboration is very excited to get to the 
start of physics with SBND 

- High performance experiment: LArTPC detector 
with 3mm wire pitch and 2GHz low-noise readout, 
complimentary high-performance photon systems 
(resulting in 100s of pe/MeV), full-coverage CRT 
system for minimizing backgrounds (high-purity 
analysis samples).  

- Detector mass and proximity to source make for an 
incredible neutrino rate: ～2M events per year or 
more than 7,000 events per day.
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SBND Collaboration meeting social gathering, June 2020

Summer 2018
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