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Outline	
  

•  Readout	
  electronics	
  
–  TPC,	
  PMT,	
  and	
  trigger	
  

•  DAQ	
  soCware	
  
–  Data	
  flow,	
  configuraGon,	
  and	
  control	
  

•  Online	
  monitoring	
  
•  DocumentaGon	
  
•  Safety	
  and	
  support	
  
•  Throughout,	
  addressing	
  charge	
  Q2:	
  
–  Has	
  it	
  been	
  demonstrated	
  that	
  the	
  detector	
  is	
  ready	
  for	
  
physics-­‐quality	
  data	
  taking?	
  …	
  Is	
  there	
  a	
  clear	
  plan	
  for	
  
monitoring	
  the	
  data	
  quality	
  and	
  has	
  the	
  associated	
  
infrastructure	
  been	
  tested?	
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Brief	
  overview	
  of	
  (TPC)	
  data	
  flow	
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Will	
  focus	
  on	
  these	
  
components	
  of	
  
readout	
  chain	
  
	
  
(Plus	
  PMT	
  readout,	
  
and	
  online	
  
monitoring)	
  



TPC	
  Readout	
  Electronics	
  

•  DigiGzaGon	
  +	
  Front-­‐end	
  modules	
  (FEM)	
  +	
  
Transmission	
  modules	
  (XMIT)	
  	
  
– 2	
  MHz	
  digiGzaGon,	
  4.8	
  ms	
  readout	
  per	
  event	
  
– 15	
  FEM	
  cards,	
  1	
  XMIT	
  per	
  readout	
  crate,	
  and	
  crate	
  
controller	
  per	
  crate	
  (9	
  total)	
  
•  Each	
  FEM	
  stamped	
  with	
  event	
  number	
  and	
  “frame	
  
number”	
  (1.6	
  ms	
  interval	
  counter	
  from	
  start	
  of	
  run)	
  	
  

– Huffman	
  compression	
  in	
  FPGA	
  algorithm	
  on	
  FEMs	
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TPC	
  Readout	
  Electronics	
  OperaGon	
  

– OperaGng	
  TPC	
  electronics	
  throughout	
  
commissioning	
  

– Uncompressed	
  data	
  rate:	
  ~150	
  MB/event	
  
– Huffman	
  compression	
  à	
  ~33	
  MB/event	
  

•  Compression	
  rate	
  stable	
  throughout	
  run,	
  and	
  run-­‐to-­‐
run	
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2. TPC readout electronics
● TPC electronics fully installed
● TPC readout has been working well throughout commissioning

○ TPC readout supported tests of DAQ, wire bias, drift HV
● Able to take long runs at 10Hz with Huffman compression

○ Using DAQ with software fix for missing last-channel/event trailer
○ Corresponds to 300 MB/s compressed data

● Compression stable over time
● Compression varies between TPC crates, as expected due to the 

presence of high/low noise channels, correlated in space
○ Variation within expectations

Event Number
vs.

compression factors
(Run 2365)

Crate Number
vs.

compression factors
(Run 2365)
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PMT	
  Readout	
  Electronics	
  

•  Shaping	
  +	
  DigiGzaGon	
  +	
  Front-­‐end	
  modules	
  (FEM)	
  
+	
  Transmission	
  modules	
  (XMIT)	
  	
  
–  Charge-­‐integraGng	
  circuit	
  shaper	
  with	
  60	
  ns	
  Gme	
  
constant	
  

–  64	
  MHz	
  digiGzaGon	
  
– Discriminated	
  readout	
  (6.4	
  ms	
  total	
  per	
  event)	
  

•  60	
  samples	
  for	
  “cosmic”	
  discriminator	
  
•  1500	
  samples	
  for	
  “beam”	
  (unbiased)	
  discriminator	
  

–  2	
  FEMs,	
  1	
  XMIT	
  in	
  crate	
  
•  Each	
  FEM	
  stamped	
  with	
  event	
  number	
  and	
  frame	
  number	
  

–  FEMs	
  also	
  implement	
  PMT	
  trigger	
  logic,	
  send	
  to	
  
trigger	
  module	
  (in	
  same	
  crate)	
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PMT	
  Readout	
  Electronics	
  OperaGon	
  

– Unbiased	
  readout	
  
during	
  period	
  
around	
  beam	
  gate	
  
from	
  all	
  channels	
  
•  Used	
  for	
  idenGfying	
  
flashes	
  from	
  neutrino	
  
interacGons	
  

–  Cosmic	
  discriminator	
  
threshold	
  tuned	
  to	
  
give	
  sustainable	
  
readout	
  rate	
  à	
  5	
  
PEs	
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3.1 PMT readout electronics
● Both Cosmic and Beam discriminators working
● Cosmic discriminator is tuned such that it provides sustainable readout

○ Threshold is studied and provided, higher than anticipated due to high singles rate
○ Current configuration: threshold = 100 ADC (~5 PE) with deadtime 4.68 micro-seconds

Differential Rate per ADC (1 P.E. ~ 20 ADC)
Cosmic discriminator firing rate per event 
(with suggested discriminator condition)

PMT Readout
Examsple PMT waveform

● Unbiased “beamgate” window
● Provides fine details of early and 

late LAr scintillation light signal
● Used to readout waveform around 

beam spill

I know many are tired to hear but I 

really think this is Michel electron!
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Trigger	
  Module	
  

•  Module	
  located	
  in	
  PMT	
  crate	
  
–  Accepts	
  input	
  from	
  front-­‐panel	
  output	
  on	
  PMT	
  board	
  

•  Three	
  groupings	
  of	
  triggers	
  
–  “Gate”:	
  BNB,	
  NuMI,	
  Fake/EXT	
  

•  Lajer	
  vetoed	
  by	
  first	
  two	
  
–  PMT:	
  Neutrino	
  or	
  Cosmic	
  
–  CalibraGon/Auxillary:	
  Internal,	
  Laser,	
  Muon	
  paddles	
  

•  Trigger	
  signal	
  sent	
  to	
  control	
  module	
  on	
  each	
  crate	
  
–  Including	
  PMT	
  

•  Data	
  output	
  
–  Data	
  stream	
  via	
  opGcal	
  fiber/PCIe	
  receiver	
  
–  Input	
  counters	
  at	
  end	
  of	
  run	
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Normal running trigger inputs: 
–  BNB beam trigger ($1D.$1F, arrives approx. 300us before beam spill) 
–  NUMI beam trigger ($AE.$A9, arrives approx. 300us before beam spill) 

–  EXT (function generator, configurable rate, can be treated as fake 
beam) 

–  PMT cosmic (formed outside of beam time) 
–  PMT gate (formed inside beam time) 

Calibration inputs: ASIC, LED/flasher, LASER 
–  These are all dedicated, separate runs taken regularly during normal 

operations. 
Dedicated, special run inputs: PADDLES 

–  For tests during commissioning; could be added as part of running 
during normal operations 

 
Trigger Board functionality: 
•  Trigger inputs received via front-panel LEMO connectors 

•  Each trigger input can be masked on/off independently via DAQ,  
and all are OR’d 

•  Each trigger input can be prescaled by up to x10 independently 
•  The PMT gate trigger can be OR’d or AND’d with each of BNB, NUMI, or EXT 

triggers in the TB (the latter is a redundancy) 
 

3 

 
MicroBooNE Trigger Board 
 



Data	
  AcquisiGon	
  SoCware	
  

•  One	
  commodity	
  server	
  per	
  readout	
  crate	
  
–  9	
  for	
  TPCs,	
  and	
  one	
  for	
  PMT+trigger	
  crate	
  

•  Data	
  from	
  each	
  server	
  sent	
  to	
  event-­‐builder	
  server	
  
which	
  writes	
  fully-­‐built	
  events	
  
–  Events	
  matched	
  based	
  on	
  frame	
  number	
  

•  Ganglia	
  cluster	
  monitoring	
  
– Monitors	
  cluster	
  status,	
  and	
  allow	
  for	
  custom	
  metrics	
  
showing	
  data	
  flow/rates	
  

– Webpage	
  available	
  remotely	
  for	
  shiCers/experts	
  to	
  view	
  
– Metrics	
  to	
  slow-­‐monitoring	
  for	
  shiCer	
  alarms	
  and	
  long-­‐
term	
  history	
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DAQ	
  Performance	
  Example	
  

– Reading/wriGng	
  data	
  at	
  ~8	
  Hz	
  (300	
  MB/s)	
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No	
  dropped	
  events!	
  

Wri5ng	
  Queue	
  Steady	
  

Charge	
  Q2	
  



Performance	
  checks	
  

–  Collect	
  and	
  write	
  
data	
  on	
  disk	
  up	
  to	
  
10	
  Hz	
  average	
  rate	
  

–  Can	
  handle	
  15	
  Hz	
  
instantaneous	
  rates	
  
for	
  tens	
  of	
  minutes	
  

–  Can	
  handle	
  random	
  
trigger	
  rate	
  (~3	
  Hz	
  
cosmic	
  muon	
  
trigger)	
  

– Good	
  upGme	
  
•  >97%	
  average	
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DAQ	
  Timing	
  

–  Electronics	
  clock	
  (event	
  frame	
  and	
  sample	
  numbers)	
  stamped	
  into	
  
FEM	
  headers	
  

–  System	
  (NTP)	
  Gme	
  stamped	
  for	
  each	
  event	
  at	
  detecGon	
  of	
  trigger	
  
fragment	
  

–  GPS	
  Gme	
  stored	
  in	
  each	
  event	
  
•  GPS	
  PPS	
  signal	
  sent	
  to	
  trigger	
  board,	
  generates	
  GPS	
  Gme	
  ßà	
  electronics	
  

clock	
  Gme	
  translaGon	
  
–  Monitor	
  (ganglia)	
  local	
  and	
  GPS	
  Gme	
  differences	
  

•  Monitored	
  in	
  Slowmon	
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Charge	
  Q2	
  
Note:	
  need	
  
~20	
  ms	
  
resoluGon	
  for	
  
matching	
  to	
  
BNB	
  spill	
  



DAQ	
  ConfiguraGon	
  and	
  Control	
  

•  Run	
  configuraGons	
  created	
  by	
  /	
  stored	
  in	
  
database	
  
–  Tracks	
  electronics	
  hardware	
  and	
  soCware	
  
configuraGons	
  

•  DAQ	
  control	
  requests	
  run	
  config,	
  duraGon,	
  and	
  
goes	
  
– AutomaGcally	
  restarts	
  runs	
  
– AutomaGc	
  entries	
  into	
  Elog	
  
– Audible	
  alarms	
  if	
  run	
  restarts	
  too	
  frequently	
  or	
  
abnormal	
  error	
  condiGons	
  occur	
  

–  VNC	
  for	
  experts	
  and	
  remote	
  control	
  rooms	
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Console	
  DAQ	
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Online	
  Monitoring:	
  System	
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ubdaq-prod-near1

Online Monitor
socket client

http

current_run.root run_0003.root

uboone-prod-evb

 
 
 
 
 

Assembler

Shared 
memory 
(SHM)

Shared 
memory 
(SHM)

Dispatcher
socket server

histserver

Any browser  
 
 
 
 
 
 

Print

Navigation

Reload Index
om_performance

pmt

crate1

card07

chan00

chan01

h__01_raw
h__02_pedcorr
h__03_nwindows_disc
h__04_pulsesperwindow
h__08_framediff
h__09_framediff2
h__10_samplediff
h__11_discTime
h__Other_Pulses
h__Other_Summed_waveform
h__Other_Weighted
h__beamPHWaterfall
h__beamWin_05_pulseheight
h__beamWin_06_pulsetime
h__beamWindowsWaterfall
h__discPHWaterfall
h__discWindowsWaterfall
h__discrimnator_05_pulseheight
h__pulseTimeRelPmtTrig
h__pulseTimeRelPmtTrig_weighted
h__pulseTimeRelReadout
h__pulseTimeRelReadout_weighted
h__pulseTimeRelTrig
h__pulseTimeRelTrig_weighted
h__waveform
h__waveform2_waveform

chan02

chan03

chan04

chan05

chan06

chan07

chan08

chan09

chan10

chan11

chan12

chan13

chan14

chan15

chan16

chan17

chan18

chan19

chan20

μBoone  Online
Monitor  Lizard

Help  and  Hints

Online Monitor Status

Source Status Size File JSON data

Monitor success 154245 bytes ./data/run_00000206_000.om.root last call
Reference Couldn't find file for this event specification. 345 bytes ./data/run_00000206_000.om.root last call
Last event seen: 206|0|2000
File update time Thu May 08 2014 10:48:38 GMT-‐‑0500 (CDT)(68.20 days ago)
First Event: Sat Dec 31 2011 18:00:00 GMT-‐‑0600 (CST)(926.9 days ago)
Last Event: Sat Dec 31 2011 18:00:00 GMT-‐‑0600 (CST)(926.9 days ago)

Refresh  Auto-‐‑Refresh Low Resolution (faster)

Channel: Crate 1 Card 07 Channel 01 -‐‑ Raw Digits

Entries: 2990592 Mean: 2048.2 RMS: 8.9 Underflow: 0 Overflow: 0 u: nullv: null
(l)og-‐‑scale (f)ill (r)eset

Channel: Crate 1 Card 07 Channel 01 -‐‑ Pedestal Corrected Raw Digits

Entries: 2990592 Mean: 0.2 RMS: 8.9 Underflow: 0 Overflow: 0 u: nullv: null
(l)og-‐‑scale (f)ill (r)eset

Channel: Crate 1 Card 07 Channel 01 -‐‑ Discriminator Fires Per Channel per Record

Entries: 1981 Mean: 0.0 RMS: 0.3 Underflow: 0 Overflow: 0 u: nullv: null

ubdaq-prod-near2 
 
 
 

dedicated data proxy

http

2



Online	
  Monitor:	
  Appearance	
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Online	
  Monitor	
  Performance	
  

•  AutomaGcally	
  stared	
  with	
  DAQ	
  processes	
  
•  Does	
  not	
  affect	
  data-­‐taking	
  
–  ParasiGc,	
  and	
  if	
  it	
  crashes	
  doesn’t	
  crash	
  DAQ	
  

•  Updates	
  promptly	
  (within	
  a	
  few	
  minutes)	
  
•  Sees	
  roughly	
  1	
  in	
  100	
  TPC	
  fragments	
  
– Much	
  more	
  for	
  PMT/trigger	
  fragments	
  

•  Detects	
  data	
  format	
  problems,	
  as	
  well	
  as	
  basic	
  checks	
  
of	
  data	
  quality	
  
–  Noise,	
  pedestals,	
  Gme	
  matching,	
  etc.	
  

•  Integrated	
  part	
  of	
  checklist	
  
–  Includes	
  reference	
  histograms	
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DocumentaGon	
  

•  Internal	
  technical	
  documents	
  for	
  readout,	
  DAQ	
  
soCware,	
  and	
  online	
  monitor	
  

•  CollecGon	
  of	
  descripGve	
  talks	
  on	
  each	
  system	
  
•  ShiCer-­‐friendly	
  documentaGon	
  on	
  operaGons	
  
wiki	
  
–  Includes	
  guide	
  on	
  starGng/stopping/monitoring	
  runs	
  

•  Experts	
  available	
  for	
  help	
  
–  Chat	
  window	
  for	
  quick	
  communicaGon	
  à	
  lowers	
  the	
  
bar	
  for	
  asking	
  about	
  something	
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Safety	
  and	
  Support	
  

•  ORCs	
  on	
  all	
  readout/DAQ	
  racks	
  
–  Rack	
  monitor	
  units	
  with	
  temperature	
  and	
  smoke	
  
sensors	
  

– Monitoring	
  via	
  slow	
  control	
  
•  DAQ	
  servers	
  managed/supported	
  by	
  SCD	
  
ScienGfic	
  Linux	
  Architecture	
  &	
  Management	
  team	
  
–  ConfiguraGon	
  and	
  backup	
  of	
  machines	
  
–  Emergency	
  and	
  non-­‐emergency	
  support	
  
–  Support	
  and	
  recommendaGons	
  for	
  network	
  
configuraGon	
  and	
  safety	
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Conclusions	
  

•  Readout	
  system	
  running	
  well	
  
–  Proven	
  capability	
  to	
  handle	
  necessary	
  rate	
  
– DAQ	
  requires	
  lijle	
  shiCer	
  intervenGon	
  
–  Efficient	
  collecGon	
  of	
  data,	
  with	
  full-­‐system	
  upGme	
  of	
  
>97%	
  on	
  average	
  

•  Monitoring	
  ensures	
  efficient	
  collecGon	
  of	
  quality	
  
data	
  
–  IntegraGon	
  of	
  data	
  rate/volume	
  metrics	
  in	
  central	
  
alarming	
  server	
  

– Online	
  monitoring	
  plots	
  for	
  higher-­‐level	
  checks	
  
–  Tools	
  available	
  for	
  shiCers	
  and	
  experts	
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BACKUP	
  SLIDES	
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