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OUTLINE

® Brief reminder of the history/timeline of SBND
© SBND physics program

® Overview of the experiment and TPC design

® Status of SBND construction

® Future to completion, operations, and physics
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© January 2014 FNAL PAC: A new
LArTPC near detector for the Booster
Neutrino Beam (then called ‘LAr1-ND?)
wass proposed; initially a ND for &1 allfe
MicroBooNE. T T
- The ICARUS collaboration also proposed to Bp— ==

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.

‘ “Ww....w ‘ |

© 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. 7

Te -
:!&!::‘,Tu P

© Stage 2 approval from FNAL.

© 2015-2016: Design and construction of |4
a new experimental hall at Fermilab. :

SBND | Fermilab PAC | July 1, 2020 3




© 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 20280-Present: COVID-19
paused all on-site activities at
Fermilab in Mazrch.

- 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.

SBND | Fermilab PAC | July 1, 2020 4




THE SBN PROGRAM @

FERMILAB
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THE SBN PROGRAM @ FERMILAB
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SCIENCE PROGRAM
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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 v 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 ve appearance
AND v, disappearance in the same experiment.

1.5

1.0

0.5

Oscillation probability (%)

0.0
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SCIENCE PROGRAM

SBND, as the Near Detector, plays a unique role in
the flagship physics goal of SBN: testing the

hypothesis of light sterile neutrinos.

- Sterile v 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 ve appearance
AND v, disappearance in the same experiment.

50 coverage of
global best fits
and original
LSND 99% CL
allowed region in
Ve disappearance.

Ability to observe
v, disappearance is essential
to the interpretation of any
electron neutrino excess as
being due to the existence of
sterile neutrinos

C X 3 .
B = Vu 7 Ve appeéarance v, disappearance
10 8 [ LsND 90% 10 [ ] Global 3+1, 35 allowed"”
- R [ ] LsND99% - v,/ ¥, Dis, 30 excluded”
- [ Global 3+1, 30 allowed"” = —  SBN3o
G B = % v/ Vo App, 30 allowed” < | N, T aaaa
% X —— SBN 3o >
| () |
= 1 N S SBN 50 = 1E
oL - NS - ...
E B E A
< B < - T
_1 T T
Ve appearance 107E
(1) S. Gariazzo et al., arXiv:1703.00860 [hep-ph] | (1) s. Gariazzo et al., arXiv:1703.00860 [hep-ph] v d i a p p a ra n
(2) M. Dentler et al., arXiv:1803.10661 [hep-ph] | (2) M. Dentler et al., arXiv:1803.10661 [hep-ph] I'l S e ce
Ll | 1 1 | T T | | 1 Ll L Ll | 1 1 1 Ll L Ll 1 1 | 1 1 1 1 1 1 1 1
-3 2 -1 - _
10 10 10 1 107 107 1
sin“206 SBN Proposal: arXiv:1503.01520
ue P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019) Sin 26MM
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SCIENCE PROGRAM

2. The large detector mass, precision reconstruction
capahbilities, and proximity to the neutrino source have
caught the attention of the theory community for
other BSM searches that SBND can perform.

~ | | Thisis SBND froma
, I theorist's perspective!

Two general categories of phenomena:

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

‘ New states produced in the beam target (dark matter,
1 ; heavy neutrinos, millicharged particles, ...)

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

I/ detector
target v
T, >
I) q -----------------
stable BSM
31'(, o314 unstable BSM

Courtesy P. Machado (FNAL Theory Department)
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SCIENCE PROGRAM

3. SBND will have the ].&PgeSt S&mple of GeV-scale differential measurements in

Large data set will enable

multiple kinematic dimensions,

neutrino interactions on argon before DUNE. the exploration of small-rate
h 1s not ible to oth
- ~'7 million v, interactions (0.2-3 GeV) in 6.6e20 POT run ’ a“ﬁi;;?miftifinf tﬁ’eo -
. . disentangling of aspects of
- Also 80,000 ve interactions neutrino-argon interaction
. phenomenology through
= Reproduce a full MicroBooNE data set every 2-3 months measurements in many

exclusive channels.

inclusive statistics exclusive channels

] 1 ] T I ] 1 I 1 1 T 1 l T T T 1 I 1 1 1 T I 1 T 1 ] i T 1 1 T l T 1 T T l 1 1 T 1 l T 1 T 1 I L 1 T T l 1 T
i . . ] I CC exclusive channels 1
e oMo | o CCons oy
9 I 2 ' e v, CC17* (0.8 M events)
s e i Bl v, CC> 21" (0.04 M events) 1
e Fe) 0.1 5 — 0 —
- 7 - . v, CC=171" (0.3 M events) -
@ 0.10 - SBND event rate for 6.6 x 1020 ¢
(7 protons on the BNB target (7 [ |
S ool .
b b
= I ] L.
@ 0.05 - - 9 I -
e | & - % 005 F .
0‘00 - L 1 1 1 1 1 L 1 1 1 1 1 1 L 1 1 1 1 1 L l"":'r"‘;"'"'l"—. O-OO - 1 1 1 L l 1 1 1 1 I 1 1 L 1 I 1 1 L 1 l 1 1 1 1 l 1 ! 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Neutrino energy (GeV) Neutrino energy (GeV)

P. Machado, OP, DS, Annu. Rev. Nucl. Part. Sci. 69:363-87 (2019)
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SCIENCE PROGRAM

3. SBND will have the largest sample of GeV-scale
neutrino interactions on argon before DUNE.

- ~'7 million v, interactions (0.2-3 GeV) in 6.6e20 POT run
- Also 50,000 v, interactions

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

. 2 24 Even though DUNE is at
S = e higher energy, SBND covers
© s kinematic regions most
I S relevant for DUNE
o;? 1 —  mass W shown
= o5 forreference — Areas where SBND
- statistical error is
0‘:__ W=8.0 Ged / < 5%
B Sie Areas where SBND
1R B statistical error is
o < 2%
1.5
r Gray-scale shows
lighter shade = larger statistics kinematical coverage of the
25 . — e T LBNF beam for DUNE in
log, (x) (Q2, Xsjorken) SPAace.
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SBND EXPERIMENT
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THE SBND TPC

High Voltage
-100 kV

Cathode Plane

2m drift regions

SBND | Fermilab PAC | July 1, 2020

Field cage

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

Photon Detection System module (x24)
(PMTs and ARAPUCASs)




o All TPC components (anode, cathode, field
cage, HV) were constructed at collaborating
institutions and are now at FNAL for
assembly.

—

l TPC. PMTs, electronics i
B e

© 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.

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 7 N\ >
electronics mostly at FNAL. Bottom ' TPC assembly

' ke 8 PDS bl
a,ll‘ea,dy installed. \ / - ?esssteSrFani/:i
Warm cryostat installed at SBND building. S S EENE A =
CI’Y ostat top under construction at CERN. DAQ installaton ' el <

Membrane cryostat materials ordered.
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4 APAs: steel frame supporting
150 um CuBe wires, 3mm pitch.
vertical collection (Y-plane)

+ 60° induction (U-plane, V-plane)

——

\ %1‘ \ : A,‘;”—.t'.‘.' o

\ ) / -~
— =
\N — . . N

2 APAs built in the UK BE=——= 5 APAs built in the US

Aligned, mechanically
and electrically
connected in clean tent
at DAB, Fermilab.

Jumper cable istal/ation forelectrical coupling between planes
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Coaxial FT: a
stainless steel
core and
grounding sheath
with polyethylene
insulator.

Same design as
ProtoDUNE-SP

Contact with
cathode via
spring-loaded tip

Field cage Roll-formed aluminum profiles

into a donut.

HV feed-through connection

Cathode Plane

l
\
|
|

1
I
e

Cathode assembled upright at DAB tube frame supporting stainless mesh panels

SBND | Fermilab PAC | July 1, 2020

with polyethylene end caps.
Same design as ProtoDUNE-SP

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

Welded, electropolished assembly composed of a stainless steel




e 11,263 TPC channels

@®

TPC ELECTRONICS

Cold Electronics (front end)

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

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

B Cold electronics acceptance
testing at DAB, Fermilab

All cold electronics are ready for
installation.

Signal feed-throughs at FNAL and leak

Wi

teSted_. "“""i“"'-'-iii"_' '. = |

TPC Readout Electronics (back end) \ 12

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

Passed pORC and racks powered-up on
March 11, 2020.

SBND | Fermilab PAC | July 1, 2020

v, &

Warm readout installed and
operational at SBND hall.




= Detect both direct scintillation light (VOV)
and visible light (Cherenkov or reflected)

© 24 photon detector modules mounted
behind the Anode Planes

- 120 8” Hamamatsu PMTs

®

®

= 1923 ARAPUCA light collectors

®

®

© (Composite photon detection system that
enhances the amount of light collected
and provides Ré&D opportunities

Prototype
system for
DUNE

96 coated with wavelength-shifting

Tetraphenyl Butadiene (TPB) s
SBND PDS module PMTs being tested in
24 uncoated for seeing visible light 5 PMTs + 8 ARAPUCAs Coherent Captain Mills
TR (CCM) detector at LANL

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

176 X-ARAPUCA + DAPHNE SiPM ARAPUCA: Trap photon with highly reflecting
. surface. Device composed of dichroic filter

readout eleotromcs, a‘da’pted from Muge windows and a highly internally reflective box

cosmic veto system instrumented with silicon SiPMs

X-ARAPUCA: additional layer of light guide

SBND | Fermilab PAC | July 1, 2020 19



stainless mesh
panels carry HV

T R T R R R R R

TR AR

2

<number of ph-e>/MeV
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izl T
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istance to photocathode plane [cm]
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- VIS VIS —
T oW e WS

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 '
i at DAB last year, ready for install.




TPC ASSEMBLY

detector support structure The Assembly Transport Frame (atf)

) supports the entire detector during

gfj";;?m assembly and for transport to the SBND
building from DAB.

atf rolled outside
DAB for load test in
December 2019

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
VEery soon.

SBND | Fermilab PAC | July 1, 2020



© 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

16 scintillating strips inside

Readout edge

Bern and delivered to FNAL. Production of Top CRT >50%

complete.

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

8 Protection Mylar tape

e r—

\

=5 i ' ‘
- \' &
8 !

MPPCs are on the back side of the PCB

. RN

| Nearly 4 coverage

2 MPPCs per strip

Each module is read out
by one front end board
(CAEN)
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© Readout Test Stand at DAB Servers,

© Installation at SBND building

= Using portable test stand to feed data to readout,
first data acquisition runs taken April 22, 2020.
e
vorom B = s
MJT L - é e e | SBND TPC Readout Power Supplies Status
T e e A e .
nx  am el ° % =
1 s ]
=
........ - Read-only
[ webpages for | = -
— monitoring | ¢ -
1@

GPS, White
Rabbit

Light
Readout,
Trigger,
Timing

TPC Readout,
BNL CE, Nevis

Muon Stack
trigger source

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

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

Developing Run Control GUI

Developing Online Monitoring tools
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SBND membrane cryostat is a 3rd generation
prototype for DUNE (WA 105, 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.

¥

<, /

R |

— e

g“_ —

Cryostat Top Cap | gEEE—

| fabrication at CERN —_— = -
—:-:-:\ '

7.
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« \Warm vessel in

SBND building
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SIMULATION AND ANALYSIS

Sim. AY [cm]: Z,,,, = 250 cm AE/E,ina (%) Zyye = 250 cm
. [ ] [ ] [ ] = 200
® Including realistic effects in SBND v &
detector simulation well in advance
of data taking. g y
0 Cathode -0
- Based on lessons learned by the 50 , 50
community on other detectors -100 2
(MicroBooNE, ProtoDUNE-SP) as well as 3
SBND test Stand measuremensts. 2%%00 -150 -100 -50 ©0 50 100 )1(50 [cnzw(]m 2%%00 -150 -100 -50 ©0 50 100 )250 [cnz:])o :
© Lots of progress in physics analysis Space charge effects recently implemented in SBND TPC simulation
in all three areas: SBN oscillations, ———
BSM searches, and neutrino-argon " oo e Detailed studies of
interactions. §1§2 — Gaus 100KHz the choice of signal
B sof deconvolution filter
: : : £ & hit effici d
- Analysis using full reconstruction and i o ooty
realistic simulation is already ‘the norm’. of measurements
-20F
“Og95~"500 605 610 ?ﬁﬁ G206 930 6%
RMS vs Wire, TPC 0, Plane 0 RMS vs Wire, TPC 0, Plane 1 RMS vs Wire, TPC 0, Plane 2 5 3
x10 x10
L g i PR r 048  SBND Simulation [—vcoom 23° ICARUS Simulation [— o Toul
§ ok § ot § ssaf i » 0.165 6.6e20 POT —roea w 18F 6.6e20 POT N
Bt % ol 3 £ 0.14F e £ 16- Vecos
3 BE 5 0 012 o G 14c G
E E 250':— 8 0.1 -qosmlc 5 8 12? Li::sm(ljcverlaid
250 250F- . 8 = Lines Overlaid N {ob
ot channel noise o ' fppied 2 g
1ol depends on ol ¥ S 004t 22
- wire length wof- t 002 e 2 .
j A E F | | B 02040608 1 1o T4T8T8 2 0 02040608 1 12141618 2
%30 "i0 600 800 1o 1200 1400 ‘éomin:gom o0 o0 o0 oo a0 a0 a0 w0 b0 e w1000 1200 u:cx'wngl:' Reconstructed Primary Track Momentum [GeV/c] Reconstructed Primary Track Momentum [GeV/c]
Recently changed from white noise to data-driven Example of common selectiorj of v,-CC interaction; in
noise model using SBND FEMB test stand data SBND and ICARUS for v, disappearance analysis
(will be shown tomorrow in SBN talk at Neutrino 2020)
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PUBLICATIONS

® First two Physics PhDs based on SBND o
Recarven: February 21, 2020 ublished
work! SR e

Construction of precision wire readout planes for the

1. Tom Brooks, U. of Sheffield, “Selecting e Baseine e ettt
Charged Current Muon Neutrino
Interactions on Argon with the Short- N

R 9 o R. Acciarri,'> C. Adams,! C. Andreopoulos,?! J. Asaadi,>* M. Babicz,® C. Backhouse,**
B aJS ellne |.\ I e a‘I) D ete CtOP Sub mltte d June W. Badgett,'* L.F. Bagby,'’ D. Barker,” C. Barnes,?* A. Basharina-Freshville,>* V. Basque,?
) A. Baxter,’ M.C.Q. 45 0. S M. urt,!5 A. Bhanderi,? A. Bhat,’!
M.R.M. Bishai,? A. Bitadze,2* A.S.T. Blake,2° J. Boissevain,?? C. Bonifazi,!3 J.Y. Book,’
D. Brailsford,2’ A. Brandt,** J. Bremer,® T. Brooks,?® B.A. Bullard,'® L. Camilleri,'

N M.F. Carneiro,’ R. Castillo Ferndndez,'> M. Chalifour,’ Y. Chen,? H. Chen,’ G. Chisnall,*
D. Cianci,'° J.I. Crespo-Anadén,'” E. Cristaldo,”® C. Cuesta,? I.L. de Icaza Astiz,®
A. De Roeck,’ G. de S Pereira,’! G. de Souza,* S.R. Dennis,?! L. Di Giulio,® S. Dixon,'*

A. Elvin,Z A. Ereditato,? J.J. Evans,?* A.C. Ezeribe,? C. Fabre,S J. Farrell,?
R.S. Fitzpatrick,2* B.T. Fleming,*® N. Foppiani,'® W. Foreman,'° D. Franco,*® J. Freestone,?

D B k f h fﬁ ld 1 t 4 A.P. Furmanski,’ T. Gamble,?® S. Gao,? D. Garcia-Gamez,'” M.P. Garman,?’ H.F. Gatti,*
° Om a;P eP, ° O e e ’ On S e e C lng G. Ge,'° 1. Gil-Botella,® S. pinni,*2 0. in,”® P. Green,?> W.C. Griffith,”

R. Guenette,'8 P. Guzowski,2? P. Hamilton,?! S. Hentschel,!* C.M. Hill,2 A. Holin,>* S. Holt,2°
J. Hrivnak,S E.C. Huang,22 Cc.C. J:-:mes,15 J. Ji,18 R.S. Jones,”! Y.-J. Jwa,!? G. Kilragit)rgi,10

electron neutrino intepactions, WI‘ltlIlg . Kemp WLJKim " U, Kose 1. Krolo®: . Kubecki? V. Kudrymvises B Laarlle

M.R. Langstaff,? J. Larkin,? R. LaZur,’ I. Lepetic,'® B.R. Littlejohn,'? D. Lorca,2 W.C. Louis,?

A.A. Machado,* M. Malek,?® C. Mariani,?> F. Marinho,'* A. Mastbaum,?® K. Mavrokoridis,?!

nOW N. McConkey,? V. Meddage,'¢ I. Mercer,2 T. Mettler,2 K. Miller,” K. Mistry,?> D. Mladenov,®
A.J. Mogan,?? J. Molina,2® M. Mooney,” J. Mousseau,?* M. Nessi,® S. Ni,” R. Northrop,”

J. Nowak,”° O. F 158, F ini,% C. F 2 V. Pandey,'® J.R. Pater,

L. Paulucci,!! Z. Pavlovic,!5 D. Payne,?! O.L.G. Peres,* O. Peres,* F. Piastra,’ F. Pietropaolo,’

V.L. Pimentel,*5 X. Pons,5 G. Putnam,’ X. Qian,? V. Radeka,’® E. Raguzin,? P. Ratoff,20

H. Ray, !¢ B. Rebel,'> M. Reggiani-Guzzo,?’ F. Resnati,5 K. Rielage,?? A. Rigamonti,’

e First two SBND Publications: / K oo & oo £ Somron W S S St

© 2020 IOP Publishing Ltd and Sissa Medialab https://doi.org/10.1088/1748-0221/15/06/P06033

1. SBND Collaboration, “Construction of
precision wire readout planes for the Multi-Plane UResNet
Short-Baseline Near Detector (SBND)”,
2020 JINST 15 PO6033.

Raw detector Labeled Images

2. SBND Collaboration, “Cosmic Background —¥
Removal with Deep Neural Networks in U o SO N o
SBND ” ’ nOW j_n CO].].an OPaJtion PeVieW. Figure 6: A representation of the multi-plane UResNet architecture. Shown here are just two of the three

planes for clarity.
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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 _
Fermi National Accelerator Laborator: y # Fermllab
© Maj Ol‘.‘ MileStoneS: Accelerator Operations Plan to Meet Experiments’ Physics
Objectives

- TPC assembly scheduled complete in early ong

R0R1 (including cold electronics installation). SBN shutdown
- Detector ready-to-fill projected for October Lo ~12e20 POT l

2 02 1 3.5E+21

3.0E+21 1
|

- Detector commissioning and operation in first _ ***

o

~9e20 POT

half of 2022. S 208021 :
1.5E4+21 —>
© SBND will record beam data at Loz
approximately 7 times the rate of - :
ICARUS and <4 times the rate of oI Oam0 oaen oz od ot ’
MicroBooNE. T T
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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 ' 3
resuime. |

© The Collaboration is very excited to get to the Y Wl A 7
start of physics with SBND Tk

= High performance experiment: LArTPC detector
with 3mm wire pitch and 2GHz low-noise readout,
complimentary high-performance photon systems . i "
(resulting in 100s of pe/MeV), full-coverage CRT 7 Dy | 7%
system for minimizing backgrounds (high-purity iy e e = et _
analysis samples). / | s A L € =

= Detector mass and proximity to source make for an 2 | -
incredible neutrino rate: ~ M events per year or . ‘

more than 7,000 events per day. SBND Collaboration meeting social gathering, June 2020
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