
Padme	  based	  DAQ	  for	  ReD	  



Padme	  DAQ	  
•  Simple	  DAQ	  based	  on	  CAEN	  V1742	  and	  A3818	  PCIe	  VME	  

bridge.	  
•  Main	  author	  is	  Emanuele	  Leonardi	  from	  Roma1	  (big	  thanks)	  
•  Available	  at	  :	  

hLps://github.com/PADME-‐Experiment/padme-‐fw	  
•  Used	  as-‐is,	  no	  warranty,	  limited	  but	  precious	  support	  from	  

Emanuele	  
•  Currently	  in	  producUon	  for	  PADME	  data	  acquisiUon	  

(several	  hundred	  acquisiUon	  channels)	  
•  Simple	  enough	  to	  be	  readable	  by	  myself	  (and	  “almost”	  all	  

in	  this	  room)	  and	  solid	  (liLle	  dependencies	  on	  third	  party	  s/
w)	  



Overview	  

•  Different	  components	  (DAQ,	  binaryàroot	  
conversion,	  ReconstrucUon),	  in	  addiUon:	  
– A	  Run	  control	  based	  on	  tk	  
– Board	  configuraUon	  modificaUon	  also	  through	  
simple	  ascii	  files	  

–  Interfaced	  to	  mysql	  for	  run	  condiUon	  database	  
and	  file/events	  accounUng	  	  

– Event	  building	  and	  reconstrucUon	  classes	  (form	  
the	  base	  infrastructure	  of	  red-‐daq-‐light	  
reconsctrucUon	  code)	  



•  Code	  available	  on	  balUg	  (INFN	  git	  hub)	  
	  hLps://balUg.infn.it/rescigno/ReD-‐DAQ	  
•  Simple	  installaUon	  
•  Up	  to	  date	  with	  Napoli/CT	  setup	  
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The	  thing	  



Data	  Rates	  

•  Number	  for	  LNS	  runs	  
so	  far	  

•  On	  going	  
improvements	  
–  New	  4	  channel	  
a3818	  interface	  
purchased	  

–  New	  DAQ	  server	  
ordered	  16	  physical	  
cores,	  128	  MB	  ram,	  

–  40	  TB	  disc,	  with	  
RAID0/10	  controller	  

Event	  Size	  (double	  fase)	  	   4.2	  MB	  

Max	  theoreUcal	  readout	  BW	  	   2x80	  	  MB/s	  

Maximum	  write	  speed	   ~40	  MB/s	  

Maximum	  trigger	  rate	   ~10	  Hz	  

Event	  Size	  (double	  fase)	  	   4.2	  MB	  

Max	  theoreUcal	  readout	  BW	  	   3x80	  	  MB/s	  

Maximum	  write	  speed	   Up	  to	  x4	  

Maximum	  trigger	  rate	   ~40	  Hz	  ?	  



Data	  Rates	  (2)	  

•  We	  don’t	  have	  any	  compression	  in	  data	  
•  Test	  on	  July	  data	  	  double	  phase	  data	  can	  be	  
compressed	  to	  30-‐40%	  their	  size	  

•  Can	  implement	  this	  on	  the	  fly?	  

•  Require	  light-‐weight	  s/w	  modificaUons	  to	  both	  
DAQ	  and	  red-‐daq-‐light	  	  



DATA	  rates(3)	  

•  Zero	  suppression	  firmware	  could	  be	  
purchased	  and	  installed	  in	  V1730	  



ZLE	  idea	  
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2 Principle of operation 
The Digital Pulse Processing for Zero Length Encoding Plus (DPP-ZLEplus) is a special firmware developed for 751 family 

of CAEN digitizers. It allows to transfer the event in compressed mode, discarding data included in a band around the 

baseline. Indeed this algorithm is mainly intended to discard any sample that doesn’t  contain  useful  information, such 

as the baseline samples. Indeed if the baseline is dynamically evaluated and frozen at the beginning of the acquisition 

window, then it is possible to transmit only the number of samples corresponding to the baseline.  

An important feature of the DPP-ZLEplus is that it requires an external trigger to start the acquisition window. The 

trigger has to be sent to the TRG IN connector. Then the user can define “Pre-Trigger”  and  the “Record Length”  values, 

which are therefore referred to the external trigger. The algorithm calculates the “baseline” of the input signal and 

searches for the significant input pulses that  cross  the  programmable  “high”  and  “low  threshold”.   

The ZLEplus algorithm works for all the digitizer channels, and each channel can work independently from the others. 

The operation of the ZLE algorithm is shown in Fig. 2.1:. The main parameters involved are: 

 Pre-Trigger 

 Record Length 

 High Threshold 

 Low Threshold 

 Number of Look Back Window (NLBW) 

 Number of Look Ahead Window (NLAW) 

The user can program the corresponding number of samples of those settings, where one sample corresponds to 1 ns. 

Where explicitly written the number of sample is multiplied by 8. For example, the acquisition window starts Pre-
Trigger*8 samples (corresponding to Pre-Trigger*8 ns) before the TRG IN itself and it lasts for the whole Record Length 
duration (corresponding to the Record Length value in ns).  

The baseline mean value can be evaluated in a moving window of N programmable samples. The baseline then remains 

frozen for the whole acquisition window. 

Within the acquisition window, the algorithm searches for the signal exceeding the High Threshold (ZLE High Thr) or 

falling below the Low Threshold (ZLE Low Thr). The signal recording starts NLBW samples before the threshold crossing 

(LBW in the picture) and stops NLAW samples after the crossing in the opposite direction (LAW in the picture). The 

recorded regions defines the ROI (region of interest) of the algorithm. Outside the ROI the algorithm registers the fixed 

value of the baseline. 

OVT OVT
ROI-2suppressed ROI-3

LBW OVT LAW

PRE TRIGGER

suppressed suppressed suppressed

T0

NS1

LBW

OVT

LAW

Look Back Window: programmable size
Over/UnderThreshold: lasts as long as the signal is over/under threshold
Look Ahead Window: programmable size; can be retriggered

Trigger

NG1 NS2 NG2 NS3 NG3

NSn Number of skipped samples belonging to the nth suppressed region
NGn Number of good samples belonging to the nth ROI

T0 Trigger Time Stamp

NS4

LAWLBW LAWOVT LBW

baseline
ZLE LowThr

POST TRIGGER

ROI-1

ZLE HighThr

LAW retriggered

Acquired waveform
Suppressed Waveform

ROI Region of Interest: size varies from ROI to ROI

 

Fig. 2.1: DPP-ZLEplus algorithm description 

 Note: The external trigger is a global trigger, common to all the channels of the board. 



DATA	  rates(3)	  

•  Zero	  suppression	  firmware	  could	  be	  
purchased	  and	  installed	  in	  V1730	  
– This	  would	  allow	  to	  suppress	  the	  data	  below	  
threshold	  in	  between	  S1	  and	  S2,	  or	  the	  largely	  
zero	  data	  of	  silicon	  and	  Lsci	  channel	  

– Would	  allow	  faster	  readout	  through	  the	  opUcal	  
link	  by	  an	  esUmated	  factor	  >2	  

– Data	  format	  would	  change,	  require	  s/w	  
modificaUon	  both	  in	  DAQ	  and	  in	  red-‐daq-‐light	  



With	  ZLE	  
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Each trigger (TRG IN) determines the event building. The board provides the data format described in Tab. 2.1. Those 

who   want   to   write   their   own   acquisition   code   can   use   the   “DecodeZLEWaveforms”   function   of   the   CAENDigitizer  
libraries, that automatically manages the event structure. 

012345631 789101112131415161718192021222324252627282930

CHANNEL EVENT SIZE

H
E

A
D

E
R

EVENT DATA FORMAT

BIT

EVENT TRIGGER TIME TAG

BASELINE VALUE

E
V

E
N

T 
D

A
TA

0 0 NUMBER OF SKIPPED SAMPLES (NS0) * 8

1 1 SAMPLE 0 (ROI 1)SAMPLE 1 (ROI 1)SAMPLE 2 (ROI 1)

1 1 SAMPLE ... (ROI 1)SAMPLE ... (ROI 1)SAMPLE ... (ROI 1)

1 1 SAMPLE J-2 (ROI 1)SAMPLE J-1 (ROI 1)SAMPLE J (ROI 1)

0 0 NUMBER OF SKIPPED SAMPLES (NS1) * 8

1 1 SAMPLE 0 (ROI 2)SAMPLE 1 (ROI 2)SAMPLE 2 (ROI 2)

1 1 SAMPLE ... (ROI 2)SAMPLE ... (ROI 2)SAMPLE ... (ROI 2)

1 1 SAMPLE K-2 (ROI 2)SAMPLE K-1 (ROI 2)SAMPLE K (ROI 2)

...

0 0 NUMBER OF SKIPPED SAMPLES (NSlast) * 8

 
Tab. 2.1: DPP-ZLEplus event format 
 

The event format consists of two parts, the header and the event data. 

The three-line header has the following information: 

 Channel event size, corresponds to the number of 32 bit-word to be read in the event; 

 Event trigger time tag, corresponds to the time where the external trigger occurred; 

 Baseline value, is the value of the baseline. The baseline remains frozen for the whole event. 

The event data has the following structure: 

 Words corresponding to skipped samples: 

o Bits [31:30] = 00; 

o Bits [29:0] = number of skipped sample in groups of 8 samples, i.e. the value has to multiplied by 8 to 

get the real number of skipped samples. 

 Words corresponding to good samples: 

o Bits [31:30] = 11; 

o Samples are represented as 10 bit numbers, where each sample is written in bits [9:0], bits [19:10], 

and bits [29:20] of each word of the event structure. 

 

The software then decodes the information in the following output file format: 

- Four lines header: 

o Record Length; 

o Channel Number; 

o Event Baseline; 



DATA	  rates(3)	  
•  Zero	  suppression	  firmware	  could	  be	  purchased	  
and	  installed	  in	  V1730	  
–  This	  would	  allow	  to	  suppress	  the	  data	  below	  
threshold	  in	  between	  S1	  and	  S2,	  or	  the	  largely	  zero	  
data	  of	  silicon	  and	  Lsci	  channel	  

– Would	  allow	  faster	  readout	  through	  the	  opUcal	  link	  by	  
an	  esUmated	  factor	  2	  

– Data	  format	  would	  change,	  require	  s/w	  modificaUon	  
both	  in	  DAQ	  and	  in	  red-‐daq-‐light	  

•  Note:	  a	  similar	  scheme	  already	  implemented	  in	  
solware	  in	  the	  original	  code	  

	  



DATA	  rates(4)	  

•  Sample	  decimaUon	  or	  down-‐grade	  of	  v1730	  to	  
250	  Ms/s	  is	  also	  a	  possibility	  

•  Would	  only	  affect	  Uming	  resoluUon	  of	  Si/PMT	  
not	  TPC	  

•  Possibility	  to	  acquire	  different	  sample	  length	  
for	  different	  detector	  is	  not	  possible	  now	  to	  
Trigger	  limitaUons	  



Trigger	  Schemes	  

•  sdc	  

Pulser	   OK	  

[(Si	  E	  &&	  Si	  DE)	  	  &&	  	  Any	  PMT	  ]	  	  	  	   OK	  

[(Si	  E	  &&	  Si	  DE)	  	  &&	  	  TPC	  boLom	  ]	  ||	  Si	  Mon	  	  	  	   OK	  

[(Si	  E	  &&	  Si	  DE)	  	  &&	  	  Any	  PMT]	  ||	  Si	  Mon	  	  	  	   Requires	  s/w	  	  (3	  
1730	  trigger	  
board)	  

[(Si	  E	  &&	  Si	  DE)	  	  &&	  	  TPC	  boLom]	  ||	  [(Si	  E	  &&	  Si	  DE)	  	  &&	  PMT0	   Requires	  s/w	  	  (3	  
1730	  trigger	  
board)	  

[(Si	  E	  &&	  Si	  DE)	  	  &&	  	  TPC	  boLom]	  ||	  [(Si	  E	  &&	  Si	  DE)	  	  &&	  PMT	  ||	  Si	  Mon	   Require	  an	  extra	  
vt1730	  in	  the	  
setup	  



Trigger	  Upgrade	  

•  Logic	  within	  the	  V1730	  is	  flexible	  enough	  to	  
not	  recommend	  a	  separate	  signal	  path	  for	  
trigger	  processing	  

•  A	  separate	  trigger	  module	  always	  fore-‐seen	  
and	  actually	  in	  our	  hands	  

•  Not	  included	  due	  to	  man-‐power	  limitaUon	  so	  
far	  



V2495	  module	  
CAEN  Electronic Instrumentation 
 

UM5175 – V2495/VX2495 User Manual rev. 0 8 

1 Introduction 
The V2495 is a general purpose programmable FPGA and I/O unit 
housed in a 1-unit wide VME 6U module. The board is a suitable 
solution for the implementation of digital functions such as 
Coincidence, Trigger Logic, Gate and Delay Generator, 
Input/Output Register and more. 

The programmable architecture is based on the User FPGA 
(hereafter UFPGA). The UFPGA is directly interfaced to the front 
panel I/Os and to an onboard Gate and Delay Generator, that 
allows to delay and gate up to 32 signals. A second FPGA, the 
Main FPGA (hereafter MFPGA), is responsible for USB and VME 
interface management. The MFPGA communicates with the 
UFPGA through an internal local bus. 

The presence of three expansion slots interfaced to the UFPGA 
allows to extend the channel interface of the V2495 by adding up 
to three independent mezzanine boards. Five mezzanine board 
types are available: A395A, A395B, A395C, A395D, A395E (see 
Tab. 1.2). The V2495 can reach a maximum of 194 I/O channels.  

The board can be controlled and programmed through either the 
VME or the USB interface. The CAENUpgrader software tool is 
provided to upload the FPGA firmware. An onboard dedicated 
JTAG connector allows for in-system JTAG configuration and 
debugging (e.g. using Altera SignalTap). 

The V2495 can be considered as an evolution of CAEN V1495 
board with which it bears several analogies (e.g. the front panel 
connectors have the same function and nomenclature with 
respect to the V1495). In addition, it provides enhanced logic 
resources, features and interfaces. 

The following Tab. 1.1 is a comparison table between the two 
modules.  

 

 

 V1495 V2495 

User FPGA Altera Cyclone EPI1C20, 20k LEs Altera Cyclone V GX, 50k LEs 

Front Panel I/O 
Sections A and B (2 x 68-pin Robinson Nugent connector; 32 input channel each) 

Section C (1 x 68-pin Robinson Nugent connector; 32 output channels) 
Section G (2 X LEMO connector; input/output channels) 

On-board Delay 
Generator 4 Delay lines 32 Gate and Delay lines 

Local Bus 16-bit 50 MHz parallel interface 

VME Bus 
Addressing spaces: A24, A32 

Data transfer modes: D16, D32, BLT32 
Geographical addressing (VX2495) 

USB Interface Not Supported USB2.0 

Mezzanine 
Boards A395A, A395B, A395C, A395D, A395E 

Tab. 1.1: Comparison table between V1495 and V2495 

 

 

 

Would	  subsUture	  the	  NIM	  
logic	  modules	  
	  
64	  logical	  input	  would	  allow	  
to	  process	  the	  8	  +	  busy	  +	  veto	  
signal	  of	  up	  to	  6	  boards	  
	  
NIM	  mezzanine	  need	  to	  be	  
added	  to	  generate	  TRIG_IN	  
lemo	  signal	  for	  V1730	  boards	  
	  
Would	  greatly	  improve	  the	  
reliability	  of	  board	  
synchronizaUon	  through	  
front-‐panel	  LVDS	  daisy	  chains	  
used	  now	  
	  
	  



V2495	  module	  

•  Main	  problem	  is	  to	  writhe	  the	  USER	  FPGA	  code	  
•  CAEN	  provides	  building	  blocks/demo	  that	  are	  not	  
sufficient	  for	  our	  scope	  

•  No	  FPGA	  expert	  in	  the	  group	  
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2 Block Diagram 
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Fig. 2.1: Block diagram 

 
 



OperaUonal	  problems/Reliability	  
•  Non	  exhausUve	  list…	  
•  Baselines	  not	  monitored,	  trigger	  threshold	  hardwired	  in	  configuraUon	  files	  and	  

recorded	  in	  DB:	  	  
–  Suggest	  to	  integrate	  in	  the	  serrator	  code	  the	  wriUng	  of	  ADC	  threshold	  and	  baseline	  ,	  reload	  

those	  for	  the	  subsequent	  runs	  unUl	  a	  new	  laser	  run	  is	  taken/validated	  
•  Event	  mis-‐alignment	  

–  Source	  of	  this	  is	  the	  delay	  introduced	  by	  the	  LVDS	  propagaUon	  of	  the	  busy/veto	  signal,	  
normally	  this	  is	  recovered	  nicely	  in	  the	  event	  building/reconstrucUon	  stage	  

•  Clock	  synchronizaUon	  problem	  	  
–  Biggest	  problem	  so	  far,	  not	  clear	  the	  origin	  (board	  3	  h/w	  problem?)	  
–  PotenUally	  induce	  large	  difference	  in	  event	  triggered	  (observed	  with	  sources,	  not	  beam)	  
–  Induce	  event	  window	  misalignment	  by	  exactly	  the	  pretrigger-‐window	  
–  A	  script	  to	  detect	  such	  a	  problem	  readily	  is	  available	  
	  

–  Ask	  some	  help	  from	  CAEN,	  suggesUon	  to	  be	  collected	  /implemented	  in	  due	  Ume,	  no	  clear	  
evidence	  of	  board	  failure	  



Miscellanea	  

•  Running	  laser	  together	  with	  data	  
•  Ad	  hoc	  soluUon	  can	  be	  invented	  for	  special	  
task	  	  

•  Given	  the	  staUsUcs	  needed	  for	  good	  laser	  
calibraUon	  (100	  kevents?),	  and	  assuming	  to	  
devoto	  to	  this	  1	  Hz	  will	  take	  1	  full	  day	  

	  



Update	  for	  Low	  energy	  

9

DAQ ideas

                     We need: 
● 16 more channels for the neutron camera: trigger on the sum.
●  Ideally we want to monitor continuously without changing DAQ settings:

● SiMon spectrum: beam current.

● Full Be Band spectrum:  beam energy and Θ
Be 

  (position of peaks), beam divergence 

(width of peaks).
● Lower energy peak of Li Band:  so C/H ratio degradation of target can be monitored.
● TPC/Neutron detector time coincidences: together  with full Be Band Spectrum -> 

Geometrical interception of neutron beam with detectors.
● Accidental background rate in TPC using High Be blob.  

A more complicated DAQ logic possible?

● Thresholds are set for each detector: SiTel, SiMon, TPC, LSci, Neutron Camera.
● Digitized counters for each channel.
● Only acquire digitized traces when necessary. 
● Neutron detector threshold adjusted to 100 keVee, TPC to 30 keVee.
● Trigger types:

0-  SiMon  ( acquire SiMon only)                                                           ~1 Hz

1-  SiTel with no other trigger (acquire SiTel)                                         ~ 50 Hz + LiBand

2-  SiTel + TPC time coincidence ( acquire SiTel+TPC)                         ~ 1 Hz for 5 nA

3-  SiTel + Neutron detector time coinc. (acquire SiTel+TPC+LSci)        ~ 5 Hz for 5 nA

Willing to contribute to changes.


