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Deep Underground Neutrino Experiment (DUNE)

Under-construction accelerator and neutrino detectors that analyze long-baseline
neutrino oscillations.

Purpose
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* Mater-antimatter asymmetry
» Capture neutrino from stellar death

 Formation of Black Hole

DUNE at LBNF

« Study Proton Decay

» Unification of Forces
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Deep Underground Neutrino Experiment (DUNE)

* Interaction with Argon

3

— Photon

» Scintillation Detector

— Charged Particles

« Creates Bipolar Signal in the wire grid
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Sense Wires

V wire plane waveforms
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Ground Impedance Monitor (GIZMo)

Ground Impedance Monitor system monitors the integrity of the single-point-
grounding configuration required for low noise operations of the DUNE detector.

Motivation
« It is important that signal is noiseless

* Building Ground is noisy

Single Point Ground
* Isolates the detector from the ground

» Uses Saturable Inductor for safety
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Ground Impedance Monitor (GIZMo)

Unwanted
Connection
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Design
\/\A/\,/\/\/ Detector
Ref Node
Saturable Inductor
GIZMo
ZedBoard
Lock-in Amplifier
Display \/\/\/\/ ———l—— Pparasitic
Alarm < ch Current ] Capaci
<€ pacitance
L ransformer
Building Ground
Simplified Circuit of GIZMo and DUNE Far-side Detector
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Ground Impedance Monitor (GIZMo)

Impedance Estimation

Srp(t) =1 - cos(wt) + Q - sin(wt)

/ Srr(t)cos(wt)dt ~ I

0

/ Srr(t)sin(wt)dt ~ Q
0

1Q demodulation

In-phase

Quadrature

Quadrature Demodulation
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Quadrature
Demodulation
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Ground Impedance Monitor (GIZMo)

Impedance Estimation
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Circuit Element Optimizer
e~

P1 R2 P2
50
R1
50
L1
Vi
Flux ={c1}*tanh({c2}*x)
AC1 .param Cp = 9.999970356528561e-15
0

. .param Rp = 167.0767749550082

% .param Rs = 0.0010034255539086363
.param cl = 1.2069821622963808
.param c2 = 0.0012069821623610746

.ac lin 15 1k 15k

Circuit for estimation of parameters for Saturable current
(a) real implementation, (b) LTSPICE Schematic

@ Parameters > Tspice’ Optimization Algorithms Method Used
ﬁ ) L7 * Newton Conjugate Gradient
Simulation Result e Broyden—Fletcher—Goldfarb—Shanno
& Fermilab
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Circuit Element Optimizer
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Embedded System Implementation

* Real-time monitoring

« Batch processing

* Low power consumption

1/0 Peripherals:

Processing System (PS)DSP FPGA

<P JSB,UART, | | Memory

SPI, Ethernet Controller

$ $

ARM Cortex-A9 with FPU

———

Logic Cells
DSPSlices

BlockRAM

111111
22222

AXI Ports

Programmable Logic (PL)

1/0

ZedBoard Architecture
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ZedBoard
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Embedded System Implementation

["alPetalinux OS VI\/ADO'

xxxxxxx AXI |
. Processor Maaladilbld]  Block Ram m

I

PMOD

Control Panel

—— From the inductor

—— Stimulating current

; For calibration of
—IEN el Bl

Dataflow in Embedded System Implementation
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Summary

» Created scripts for estimation of impedance using 1Q demodulation

» Created a Python package for to optimize parameters for circuit element
 Built images for embedded system

* Further works
— Publish the python package
— Finalize the boot image and implement it in the hardware
— Expand Capabilities
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Thank you

13 8/11/21 Subedi | GIZMO for DUNE at LBNF

== 2z Fermilab



Appendix

DDR
FIXED_ID

processing_system7_0

PMOD_AD1_v3 SWS_Sbits[7:0]

lods_8bits[7 0]

axi_bram _ctr_1 bik_mam_gan_1
226_mem_inwarcon + s [+ sRau poaTa
cank e porTa + || I+ smau_rorms
= an_srasetn b addi3 0]
b can
AXT BRAM Conraler » depta)
ai_bram b ey
P wetq3a)
+ 5 0
TG Frocessing Sysem . ,,m,.cu” BRAM_PORTA = || e Block Mamary Generalar
. <] BTN_Stits]4:0]
r=l_processing system?_0_100M AXI BRAM Coniraller
siowest_syne_ch. b _resat = _ migped bk _mem gen 0
ext mantin st resetle] jm N
b s e s o o oo | i s comn
2=l L s T L — + BRAM_PORTE
o mb ety _eysrst dercamect areseial ] sk
Juimmgrss e L o, T e » o
= . SRS i o garg) 4 — o s oo L] PMOD_AD1_SDATA
“AXI Intarconnect £ < doumpio) CGALBPMODO
Processor Syslem Rasel N
AXIGPIO > et - cor B caus_cs
Biock Narmary Ganrslor b PR D oAU scu
dsta 150 MOSI > CALIE_MOSI
CALIB_PMOD_v1_1
L EVE_SPI_CLK
GIZMO_cortrabar_1 <a =
o PIO_M[31 2] PMOD_DA3
resetn bram_addrfan )
@
GP0_ouTpa) tram_dig310]
DOF 1 0 ] betrr_deug3ta] weieq) = c,: B Emo_x_g\s;
— LaadDACA @ K et (oo ) PMOD DA3 LDACH
S e I dmai s sciK [T PMOD_DA3_SCLK
BT St s A
EVE_CK RELAY_WORD{152] oy &3
£ve s et _mnegr0) —
EVE_MOS! eve miso e+ PMOD_DA3_v1_1 O EVE_SPILMISO
GIZMO_contraller_v1_0 ) evespLss
- <] EVE_SPI_MOSI
PMOD_AD1_0
:q R {150
= ddr a1 ) it
e e wef30) P
. €S fe——— 7 PMOD_AD1_CSn
= H L ] scik |—— [ PMOD_ADT_SCLK
araware vescription o O Implementation Zedboar e

€ H
3¢ Fermilab
14 8/11/21 Subedi | GIZMO for DUNE at LBNF



