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The Fermilab Short Baseline Program

3 detectors in the neutrino beam from the 8GeV Booster
(Epeak
ν ∼ 800MeV ):

ICARUS (600m) µBooNE (470m) SBND (100m) 3 / 34
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Physics Goals see talk by A. Palazzo 2/11

Search for new oscillation phenomena

with MULTIPLE detectors/baselines!
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Physics Goals see talk by A. Palazzo 2/11

And with better neutrino imaging technology:
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SBN/DUNE Technology: The Single Phase Liquid
Argon TPC see talk by J. Asaadi 2/11
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SBN/DUNE Technology: The Single Phase Liquid
Argon TPC see talk by J. Asaadi 2/11

SBN Detector Parameters:

Detector Component SBND MicroBooNE ICARUS@SBN

TPC Active Volume 4× 4× 5 m 2.5× 2.3× 10.4 m 3.6× 3.9× 19.6 m
TPC Active Mass 112 89 476
TPC Drift Time 1.28 ms 1.6 ms 0.95 ms
(at 500V/cm E-field)
TPC Wire Orientation 0◦ (collection), ±60◦ (induction)
Wire/plane spacing 3mm 3mm 3mm
Number of wires 11264 8192 53248
Nominal Drift HV 100 kV 128 kV 75 kV
Analog readout electronics cold CMOS cold CMOS warm
Digital readout electronics ADC cold, FPGA cold warm warm
Light collection 120 8” PMTs 32 8” PMTs 360 8” PMTs

& scint. bars
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SBND/DUNE Synergies

Modular TPC design with large
anode plane assemblies
Test scintillator bar photon
detector design
Cold electronics readout chain

see talk by S. Gao 2/11 8 / 34
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LArTPC Signal Formation

In a LArTPC ionization charges drifts towards the wire planes. Charge
is induced on the U and V planes as the charge drifts towards and
away from the plane. Most of the charge is collected on the Y plane.
A MIP produces around 14,000 electrons in a 3mm cell

3-D simulation of electron drift paths
using Boundary Element Method

9 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

LArTPC Signal Processing see talk by M. Mooney 2/11

In order to extract the charge distribution arriving at the planes from
the measured current on the wire, the field response must be
deconvoluted:

The signals on the induction plane are 2-3x smaller than the collection
planes and highly dependent on track angle. The charge passing
through the plane induces charge on MULTIPLE wires.

Deconvolution has to be in 2-D. Noise needs to be v. low to enable

deconvolution of induction plane signals particularly for tracks ⊥ wire.
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LArTPC Signal Processing see talk by M. Mooney 2/11

U plane signal processing
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LArTPC Signal Processing see talk by M. Mooney 2/11

V plane signal processing
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Basic Noise Theory: Sources of Noise in ICs

The series “white” noise in the input transistor described by a
spectral density, en in V/

√
Hz, which can be calculated by a

simple approximate formula as: e2
n = 4 kB T Rs

The low frequency series noise ∝ 1/f due to charge trapping
and de-trapping in the input transistor.

for tp > 1µs, the 1/f noise is dominant

The “f parallel” noise which arises from thermal fluctuations in
the dielectric components such as the circuit boards. Appears as
a series 1/f noise component in addition to transistor 1/f .

The parallel “white” noise due to the transistor bias current and
wire bias resistors

ENC2 ≈ e2
nC 2

in

tp︸ ︷︷ ︸
series white

ENC: Equivalent Noise Charge. tp : shaper peaking time.
Cin : sum of detector, cable and preamp input capacitances.

Af : Measurement constant for 1/f noise O(10−13)V2
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Basic Noise Theory: Sources of Noise in ICs

The series “white” noise in the input transistor described by a
spectral density, en in V/

√
Hz, which can be calculated by a

simple approximate formula as: e2
n = 4 kB T Rs

The low frequency series noise ∝ 1/f due to charge trapping
and de-trapping in the input transistor.

for tp > 1µs, the 1/f noise is dominant

The “f parallel” noise which arises from thermal fluctuations in
the dielectric components such as the circuit boards. Appears as
a series 1/f noise component in addition to transistor 1/f .

The parallel “white” noise due to the transistor bias current and
wire bias resistors

ENC2 ≈ e2
nC 2

in

tp︸ ︷︷ ︸
series white

+ πC 2
inAf︸ ︷︷ ︸

series 1/f

ENC: Equivalent Noise Charge. tp : shaper peaking time.
Cin : sum of detector, cable and preamp input capacitances.

Af : Measurement constant for 1/f noise O(10−13)V2
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Basic Noise Theory: Sources of Noise in ICs

The series “white” noise in the input transistor described by a
spectral density, en in V/

√
Hz, which can be calculated by a

simple approximate formula as: e2
n = 4 kB T Rs

The low frequency series noise ∝ 1/f due to charge trapping
and de-trapping in the input transistor.

for tp > 1µs, the 1/f noise is dominant

The “f parallel” noise which arises from thermal fluctuations in
the dielectric components such as the circuit boards. Appears as
a series 1/f noise component in addition to transistor 1/f .

The parallel “white” noise due to the transistor bias current and
wire bias resistors

ENC2 ≈ e2
nC 2

in

tp︸ ︷︷ ︸
series white

+ πC 2
inAf︸ ︷︷ ︸

series 1/f

ENC: Equivalent Noise Charge. tp : shaper peaking time.
Cin : sum of detector, cable and preamp input capacitances.

Af : Measurement constant for 1/f noise O(10−13)V2
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Basic Noise Theory: Sources of Noise in ICs

The series “white” noise in the input transistor described by a
spectral density, en in V/

√
Hz, which can be calculated by a

simple approximate formula as: e2
n = 4 kB T Rs

The low frequency series noise ∝ 1/f due to charge trapping
and de-trapping in the input transistor.

for tp > 1µs, the 1/f noise is dominant

The “f parallel” noise which arises from thermal fluctuations in
the dielectric components such as the circuit boards. Appears as
a series 1/f noise component in addition to transistor 1/f .

The parallel “white” noise due to the transistor bias current and
wire bias resistors

ENC2 ≈ e2
nC 2

in

tp︸ ︷︷ ︸
series white

+ πC 2
inAf︸ ︷︷ ︸

series 1/f

+ qIotp︸ ︷︷ ︸
parallel white

ENC: Equivalent Noise Charge. tp : shaper peaking time.
Cin : sum of detector, cable and preamp input capacitances.

Af : Measurement constant for 1/f noise O(10−13)V2
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CMOS Performance in the Cold see talk by S. Gao 2/11

For SBND,µBooNE, DUNE an analog
front-end ASIC with preamplifier and
shaper operated in LAr reduces noise.
4 gain settings: 4.7, 7.8, 14, 25 mV/fC
4 tp settings: 0.5, 1.0, 2.0, 3.0 µs

Shaping time good for noise

matches detector response ve = 1.6mm/µs
17 / 34
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CMOS Performance in the Cold see talk by S. Gao 2/11

Cold CMOS Analog ASIC for µBooNE and SBND:

Reduce Cin by mounting cold electronics directly on TPC wire frame.

For µBooNE: Cin ≈ 25pF︸ ︷︷ ︸
circuit boards

+ 18
pF

m
xLwire︸ ︷︷ ︸

wires

⇒ ENC is O(400) electrons for longest wire (4.7m) at tp = 2µs

18 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

MicroBooNE Detector Status: Operational Oct ’15

TPC noise readout during filling
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MicroBooNE Detector Status: Operational Oct ’15

Cryogenics commisioning:

Cryostat operated w/o evacuation. e lifetime > 6 ms achieved quickly
20 / 34
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MicroBooNE Detector Status: Operational Oct ’15

BNB Performance
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MicroBooNE Detector Status: Operational Oct ’15

First neutrino images

22 / 34
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MicroBooNE TPC Noise see talk by M. Mooney 2/11

Frequency (MHz)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
ag

ni
tu

de

210

310

410

Summary of Excess NoiseSummary of Excess Noise

900 kHz Burst Noise

LV Regulator Noise

Cathode HV Harmonic Noise

MicroBooNE Preliminary

Dominant sources of noise are:

Coherent noise (10-30 kHz) from
the low-voltage filter outside the
cryostat supplying the ASICs on
the front-end mother board

Odd harmonics of 36 kHz traced to
ripple in the drift HV power supply

Software noise filter removed the excess TPC noise from raw wire signals :

Noise U V Y
(4.7m) (4.7m) (2.3m)

ENC (e rms) before s. filter 1600 1400 660
ENC (e rms) after s. filter 430 420 330

Oct ’16: Hardware fixes implemented for LV filter and HV supply.

Removed ∼ 70% of the unfiltered noise
23 / 34
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Fully automated νµ CC selection
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Michel Electron Reconstruction

MicroBooNE Preliminary

Fully automated reconstruction
using collection plane signal only

Michel electrons identified by a
Bragg peak and a kink in the track.

Energy calibration based on charge
injection calibration signal.

25 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

Preliminary π0 reconstruction
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Lots more results from MicroBooNE

See public notes page
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http://www-microboone.fnal.gov/publications/publicnotes/index.html
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The Short Baseline Near Detector Status
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The Short Baseline Near Detector Status

29 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

The Short Baseline Near Detector Status
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ICARUS@SBN

ICARUS TPC refurbishment at CERN

New low-noise warm electronics developed at INFN see talk by G. Meng 2/11
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ICARUS@SBN

ICARUS buildings at Fermilab

32 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

ICARUS@SBN

33 / 34



The Fermilab
Short Baseline
Program and
Detectors

Mary Bishai
Brookhaven
National Lab

The SBN
Program

LArTPC
Technology

Signal
Processing

Cold Electronics

MicroBooNE
Status

Detector Status

TPC
Performance

Physics Results

SBND Status

ICARUS@SBN

Summary

Summary and Conclusions

MicroBooNE has been taking data since Oct ’15:

Record beam intensity - integrated > 3 × 1020 p.o.t
Stable running with drift HV of 70kV with electron
lifetime of > 6ms.
After hardware fixes in Oct ’16, noise performance is
at expectation and significantly improved over
previous generation of massive LArTPC.
New sophisticated signal processing techniques
coupled with low noise due to cold electronics have
enabled extraction of induction plane images with
unprecedented fidelity.
Fully 3-D reconstructed ν events and 1st data results.

SBND TPC and field cage construction is proceeding on
schedule. Cold ADC ASIC still needs work.

ICARUS refurbishment at CERN and new membrane cryostat
being built. Building at Fermilab also proceeding on schedule.

SBND/ICARUS begin operations end of 2018
34 / 34
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