MILO VERMEULEN

A YEAR AT PROTODUNE



ONE YEAR AGO

» At Nikhef

» No colleagues

» Working alone on
ProtoDUNE

» Tasked with data
compression on non-existing
data
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PROTODUNE
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scientists laboratories countries
and
universities

800 miles/ 1300 km

Sanford Underground Fermi National
Research Facility, Accelerator Laboratory,
South Dakota Illinois



Sense Wires
V wire plane waveforms

Liquid Argon TPC

Y wire plane waveforms







Cryostat

4 SiPM channels per bar
10 PhotoDetector bars per APA

PhotoD

nnels

ProtoDUNE = 6 APAs
DUNE FD =150 * 4 APAs

4 FEMBs per WIB
20 FEMBs per flange
1 flange per APA

12 ch per SSP
40 SiPM ch per APA
ProtoDUNE = 24 SSPs

ONLINE

14b

Power/Timing
Card-Fanout
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PLL/Clock J

synthesizer

wiB

1 PTC per ﬂangeFlange 5 WIBs per flange

ADC

1 Gb/s mal
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Control PCs

Bias

Ctrl+Mon

] 1 BoardReader per SSP

10 Gb/s per RCE

RCE

RCE

DPM

ProtoDUNE = 6 flanges

16-ch FE 16-ch ADC
ASIC ASIC

nalogue

COLDATA

8 ADC ASICS per FEMB

20 COLDATA or 20 FEMB per APA
128 ch per FEMB

Data
Control
Clock
Global Trigger
Trigger Input
Throttle
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Timing Trigger
System Distrib.

Ctrl Distrib

2048 ch/COB = 256 ch/RCE

2 FEMBs/RCE

1/2 WIB/RCE

4 WIBs/COB

ProtoDUNE = 8 COBs cos

per RCE

8 COBs per ATCA crate

(

FELIX FLX710

50 Gb/s per FLX710

ProtoDUNE = 1 ATCA crate B

“ BoardReader F

1 BoardReader per RCE!

BoardReader }—

FPGA

Felix PC

24 bidir links per FLX710 @ 3.2 Gb/s
2 FLX710 per APA

pu

]

BoardReader

1 BoardReader per FLX710

Aggregator

Aggregator

Storage
Buffer

Trigger
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|

Throttle

Yy

BoardReader

/\

Offline

Data Merging

Cosmic Ray Tagger




ONLINE
Cryostat

4 SiPM channels per bar
10 PhotoDetector bars per APA

4 FEMBs per WIB 12 ch per SSP
PhotoD 20 FEMBSs per flange 40 SiPM ch per APA
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PROTODUNE DAQ

» FELIX: Front-End g
LiInk eXchange

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
Reserved (8) SlotNo CrateNo FiberNo
WIB Errors

Version = 0x1
Reserved (14)
Timestamp [31:0]

Timestamp [62:48] or WIB counter [3]

Timestamp [47:32]

Reserved (8)

Reserved (16)

» Find data format

» Weird data format
-> make readable

ADC2 CH2[3:0] = ADC2 CH1[11:8]
ADC2 CH3[7:0]
ADC2 CH4[11:4]

ADC2 CHB[3:0] = ADC2 CH5[11:8]
ADC2 CH7[7:0]
ADC2 CH8[11:4]

ADC4 CH2[3:0] = ADC4 CH1[11:8]
ADC4 CH3[7:0]
ADC4 CH4[11:4]

ADC4 CHB[3:0] = ADC4 CH5[11:8]
ADC4 CH7[7:0]
ADC4 CH8[11:4]

ADC6 CH2[3:0] = ADC6 CH1[11:8]
ADC6 CH3[7:0]
ADC6 CH4[11:4]

ADC6 CHB[3:0] = ADC6 CH5[11:8]
ADC6 CH7[7:0]
ADCB CH8[11:4]

ADC8 CH2[3:0] = ADC8 CH1[11:8]
ADC8 CH3[7:0]
ADCB8 CH4[11:4]

ADCB8 CH6[3:0] = ADCB8 CH5[11:8]
ADC8 CH7[7:0]
ADCS8 CH8[11:4]

ADC1 CH2[3:0] = ADC1 CH1[11:8]
ADC1 CH3[7:0]
ADC1 CH4[11:4]

ADC1 CHS6[3:0] = ADC1 CH5[11:8]
ADC1 CH7[7:0]
ADC1 CH8[11:4]

ADC3 CH2[3:0] = ADC3 CH1[11:8]
ADC3 CH3[7:0]
ADC3 CHA[11:4]

ADC3 CHB[3:0] = ADC3 CH5[11:8]
ADC3 CH7[7:0]
ADC3 CH8[11:4]

ADC5 CH2[3:0] = ADC5 CH1[11:8]
ADC5 CH3[7:0]
ADC5 CH4[11:4]

ADC5 CHB[3:0] = ADC5 CH5[11:8]
ADC5 CH7[7:0]
ADC5 CH8[11:4]

ADC7 CH2[3:0] = ADC7 CH1[11:8]
ADC7 CH3[7:0]
ADC7 CH4[11:4]

ADC7 CH6[3:0] = ADC7 CH5[11:8]
ADC7 CH7[7:0]
ADC7 CH8[11:4]

ADC2 CH4[3:0]

ADC2 CH8[3:0]

ADC4 CH4[3:0]

ADC4 CH8[3:0]

ADC6 CH4[3:0]

ADC6 CH8[3:0]

ADC8 CH4[3:0]

ADC8 CH8[3:0]

ADC2 CH1[7:0]
ADC2 CH2[11:4]
ADC2 CH3[11:8]
ADC2 CH5[7:0]
ADC2 CH6[11:4]
ADC2 CH7[11:8]
ADC4 CH1[7:0]
ADC4 CH2[11:4]
ADC4 CH3[11:8]
ADC4 CH5[7:0]
ADC4 CHB[11:4]
ADC4 CH7[11:8]
ADC6 CH1[7:0]
ADC6 CH2[11:4]
ADC6 CH3[11:8]
ADC6 CH5[7:0]
ADC6 CHB[11:4]
ADC6 CH7[11:8]
ADC8 CH1[7:0]
ADC8 CH2[11:4]
ADC8 CH3[11:8]
ADCB8 CH5[7:0]
ADC8 CH6[11:4]
ADC8 CH7[11:8]

ADC1 CH1[7:0]
ADC1 CH2[11:4]

ADC1 CH4[3:0] =~ ADC1 CH3[11:8]
ADC1 CH5[7:0]
ADC1 CH6[11:4]

ADC1 CH8[3:0]  ADC1 CH7[11:8]
ADC3 CH1[7:0]
ADC3 CH2[11:4]

ADC3 CH4[3:0]  ADC3 CH3[11:8]
ADC3 CH5[7:0]
ADC3 CH6[11:4]

ADC3 CH8[3:0]  ADC3 CH7[11:8]
ADC5 CH1[7:0]
ADC5 CH2[11:4]

ADC5 CH4[3:0]  ADC5 CH3[11:8]
ADC5 CH5[7:0]
ADC5 CH6[11:4]

ADC5 CH8[3:0]  ADC5 CH7[11:8]
ADC7 CH1[7:0]
ADC7 CH2[11:4]

ADC7 CH4[3:0] = ADC7 CH3[11:8]
ADC7 CH5[7:0]
ADC7 CH6[11:4]

ADC7 CH8[3:0]  ADC7 CH7[11:8]
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Compression time (ms)
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PROTODUNE DAQ — MUCH MORE

» Online monitoring

» Data integrity monitoring

» Noise analyses

» Handling various data formats dynamically
» Many bugs and features

» Wrestling with custom build frameworks on closed servers



DUNE Online ~ 4779.1.3 Go Reference v

Hello, Test Ing Log out

Reload Prev
= Z - Plane O Page Information % Rendering Info ¥ Save all
E Al Channel - 2D Mean
B All Channel - 2D RMS
m Beam Instrumentation
1 By APA Time vs Channel | APA 0 - Plane Z | Event Number: 183
m DSDaS (APA 4)
m DSRasS (APA 1)
& MSDaS (APA 6)
'aw Event Display

E U-Plane

E V- Plane

(LRI LSO ORI R AL

k Z-Plane
m SSP

m TPC

= MSRaS (APA 2)
'aw Event Display

E U-Plane

k V- Plane
E Z-Plane

m SSP

LU RN T TR T

Loading alarms

L

L ¥

Display a menu




Power Spectrum [A.U.]

Power Spectrum [A.U.]

INPUT METADATA: 6024 0 0 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
INPUT METADATA: 6024 () ) 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
INPUT METADATA: 6024 0 40 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
INPUT METADATA: 6024 0 40 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
INPUT METADATA: 6024 ) 0 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
INPUT METADATA: 6024 0 ) 500 6000
FRAGMENT SIZE: 2795136 BYTES OR 6024 RAW FRAMES.
Calculating noise RMS values per channel.
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BUILDING PROTODUNE

» Nothing officially my responsibility, but helped with:
» Ground plane assembly

» Photon detector testing

» Shifts during anode plane testing and beam run

» Various bits and bobs



BUILDING PROTODUNE




BUILDING PROTODUNE




i

|
i

TSR

b d



LA L
et

“\,\.\ “ \\\\m \

(111

S LI
y ETTLLLLL LU




- Real Reconstruction N - Real Reconstruction
: : L Output




CONTACTS AND COMMUNITY




SUMMARY

» Colleagues
» DAQ with FELIX
» Physics in n%-rejection

» Amazing group



