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-  Neutrino mixing can be parameterized by PMNS matrix.
-  PNMS matrix can be broken down into three 3×3 matrices:

-  Each mixing angle related to a mass splitting between the two mass states.

Neutrino Oscillation
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DUNE experiment
-  νe appearance amplitude 
  depends on Ɵ13, Ɵ23, CP phase 
  and mass hierarchy.
-Large value of Ɵ13 allows 
 significant νe appearance.
-DUNE has 1300km baseline,
 a wide-band beam and 40kt 
 fiducial mass, allowing 
 significant signal observation.
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Liquid Argon TPC

MicroBOONE
Proto-DUNE
Dual-phase LAr TPC

-  In the single phase, signals cannot
  be amplified, so we care about the
  noise level in the read-out in the cold.
 
- The noise level directly determine the
  threshold of particle tracks. 

80 ton active mass



10 kt FD module needs an intermediate detector
to validate, so the goals of Proto-DUNE:

- Prototype the production and installation

- Validate the design from the perspective of 
basic detector performance

- Accumulate test-beam data to calibrate the 
response of the detector  

- Demonstrate operational stability

Active volume: 6m x 7m x 7.2m (height, width, drift) 0.77kt total Lar, ~3520 wires/APA 

Proto-DUNE SP detector
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Why do we care about the electronics ?
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At 77-89 K, charge carrier mobility 
in silicon increases and thermal 
fluctuations decrease, resulting in 
a higher gain, higher gm  /ID and 
lower noise.

CMOS in Cryostat
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Physics Procedia 37 (2012) 1295-1302
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Key ASICs for ProtoDUNE

FEMB used in
the integration 
test
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- Dynamic range

      - Lower limit:
          - Assume MIP happens in the Cathode plane, it gives ~12K e- in APA wires.
            If 1% charge resolution is required, 116e- per ADC count is needed.
 
     - higher limit: 
          - Considering two protons deposit all energies in a single wire, largest energy
            per proton is 22.5k e- ,then 12 bit ADC is sufficient for 45k e- in single wire.
 

- Noise requirement

      - For MIP track from Cathode plane, signal arriving single wire is ~12,000 ENC. 
      - If we require 1/10 noise/signal ratio, then 
            - ~ 1200 ENC for collection wire.
            - ~ 600 ENC for induction wire.

   

Dynamic range and Noise requirement



Cold electronics integration

- For 6 APAs, each one contains 20 FEMBs.
- Each FEMB contains 8 FE and ADCs.
- Each FE/ADC contains 16 channels.
- Every 4 FEMBs can be controlled by one Warm Interface Board.

10July 2017 DPF 2017 - Guang Yang (SBU)



- 128 channels of digitized TPC wire readout
    - Analog Mother Board
         - 8 FE ASICs/ 8 ADC ASICs
- FPGA Mezzanine
    - multiplexing and readout of digitized detector signals
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Front end board



Possible configurations:
- Baselines 200 or 900 mV: 900 for induction
  and 200 for collection.

- Gain: 4.7, 7.8, 14, 25 mV/fC
- Shaping time: 0.5, 1, 2, 3 mus
      - time integrated over the integrated waveform, so no significant differences
         once the waveform peaks are covered.
      - good for the LAr wire resolution.
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Shared among the 16 channels in the FE 
ASIC are the bias circuits, programming 
registers, a temperature monitor, an 
analog buffer for signal monitoring, and 
the digital interface.

Front End ASIC



ADC cold test

- Lower the ADC chips into liquid nitrogen.
- Function generators input different kinds of waveforms.
- Test the non-linearity and channel-to-channel variation performance 
  in the cold.
- In warm, it works well but in cold, some of the connection issues come out.
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Blue- measured
Red- Input



Warm interface electronics
- WIB (Warm interface board)
       - proto-DUNE-SP WIB design is 
          being finalized
       - SBND WIB is being used for 
          ProtoDUNE-SP firmware 
          development currently

-PTB (Power and timing Backplane)
       - Distributes system clock and 
          Sync/Cntrl signals to each WIB

-PTC (Power and timing Card)
       - ProtoDUNE-SP design is being 
          finalized by UC Davis
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Integration test in BNL
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Grounding Scheme
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Setup in BNL
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Results at room temperature 
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40% APA:
2.8 m x 1.0 m

DUNE APA:
6 m x 2.3 m
(7.4 m induction wire)



440 e- @ (1us, 25mV/fC) 

Result from Cold Test 
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40% APA:
2.8 m x 1.0 m

DUNE APA:
6 m x 2.3 m
(7.4 m induction wire)



Summary

- As a prototype detector, protoDUNE cold electronics is crucial for the 
 development of DUNE experiment.

- The cold integration test has been done in BNL with collaboration with 
  many other institutions.

- we are able to obtain clean & smooth FFT, and ENC performance shows 
 improvement comparing to previous cold test as well.

- A preliminary result shows ENC ~ 440 e- @ (1us, 25mV/fC) for the 40% APA.
  Projecting to Proto-DUNE APA, ~700 e- is expected.
  Considering the 1/10 Noise/Signal requirement is 600 e- and 1200 e- for 
  the induction and collection wires, this gives ~ 1/9 Noise/Signal ratio.
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BACKUPS
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Time line
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Solar:  BOREXINO, SNO…
                                 
Atmospheric:  Super-K…                                      

Accelerator: MINOS, NOvA, T2K...

Reactor: Daya Bay, Double Chooz, RENO, 
                KamLAND...
Cosmic: IceCube… SNO (νe       νμ,τ)         Super-K(νμ  ντ)

T2K                               Daya Bay  (νe     νe)                               IceCube





Different neutrino experiments

-       -
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Possible configurations:
- Baselines 200 or 900 : 900 counts is used in cold
- Gain: 14 mV/fC or 25 mV/fC
- Shaping time: 0.5, 1, 2, 3 mus
      - time integrated over the integrated waveform, so no significant differences
         once the waveform peaks are covered.

24July 2017 DPF 2017 - Guang Yang (SBU)



Basic measurements to determine a FEMB and WIB:
- Waveform check 
- Fast Fourier Transformation check
- Noise RMS 
- Gain calibration: internal or external pulser used

Steps for analysis:
- Hardware test stand setup
- Data taken with Python or LabVIEW
- De-code the data packed by WIB: binary raw data to understandable data format (root etc.)
- Do the measurement analysis above
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Setup in BNL

40% APA

Wiener PS7 m cable

WIB FEMB
Shanshan’s hand
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WIB configuration

5 LTM4644 evaluation boards
 One for WIB with CMCs
 One for FEMB0 with CMCs
 One for FEMB1 with CMCs
 One for FEMB2 with CMCs
 One for FEMB3 with CMCs
 5.0 Bias for FEMBs from on-board regulators (TPS73250) after DCDC LTM8029
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From Shanshan Gao (BNL)
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Tp = 0.5us Tp = 1.0us

Tp = 2.0us Tp = 3.0us
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Results at room temperature (FEMB0) 
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