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What we can do today — the RCDAQ perspective | I\&j

Martin, BNL

| want to lay out the abilities that we already have and have been using for a long time.

 \We can take data with the available ePIC front-end prototypes, chiefly the HZGCROC and the
Astropix (we are also supporting lots of non-EPIC specific stuff, such as CAEN hardware, the SRS,
DRS4, what have you)

* We can build Timeframes from multiple streams, and build Super-Timeframes, too

« \We have a “Run Control” that manages an arbitrary number of components for synchronized
starts/stops, etc etc

« We can transport the data in many different ways, to disk, through the LAN, and through the WAN
« We have a widely used online monitoring framework

* All data banks/containers/packets have well-defined data access APIs

» Well-defined APIs to obtain data from the front-ends

« We can interface the data (TFs/STFs) to EicRecon.
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It exists! =

The list of abilities is not just what we intend to do.
We have used all of the above, and | can demonstrate that all of it works

The flagship application in ePIC-land was the recently completed Barrel Imaging Calorimeter test beam in
Jlab’s Hall D that featured 4 individual data streams, with 3 of them in streaming mode
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Close Starting Run Control —--- i — South
Run Control status —
End lhost L 00160 k f{PH> 100} live
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c_client rc_begin — start a run
c_client rc_end —end the run
ro_client ro_status — check status

: .,
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c_client rc_shutdown - tear down RC
RCDAQ Stai _—
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10] 2325655
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—_—— e
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wsigy|_ || | FEEIEPREBAEET ~ RCDAQ St..[><RCDAQ St..|> RCDAQ ...

£ c ph bcal

I mep@ca... |XX RCDAQ ...

U mep@ca... |>Run Co...
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TimeFrames = containers of data for a given time span = ™=

The RCDAQ readout/data format natively supports streaming data

Not a new development - the SPHENIX tracking system was read out with FELIXes in streaming mode
In RCDAQ parlance: a “Packet’

It contains data from multiple clocks (in the real data, these correspond to different beam crossings)

Here is an example of H2GCROC data spanning 10 different clocks

$ ddump -p 12001 -e 8 /data/purschke/BIC/data/KCU0/beam/beam ROC 0-

“Timeframe”

00002784-0000.evt | grep Wave
Number of Waveforms: 10

————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform
————— Waveform

0

©W oo JdJo L1l dWDNH

Samples:
Samples:
Samples:
Samples:
Samples:
Samples:
Samples:
Samples:
Samples:
Samples:

2
20
20
20
20
20
20
20
20
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Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:
Timestamp:

0x30adc6édd
0x30a54121
0x30a5e401
0x30a64lcl
0x30a6ce75
0x30a7ded9
0x30a8c3c5
0x30a9456d
0x30aaldl?9
0x30aabd75

816105181
816136481
816178177
816202177
816238197
816307785
816366533
816399725
816454937
816495989

Each “crossing” reads out
288 individual channels.

So you have 20x288
individual waveforms here,
sorted by clock.

We had low-intensity beam here; we close a TF when there is a “gap” so data don't get stuck

There is no practical size/time limit to a TF (max size 16GB) to accommodate the envisioned 600ms.
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Some context: What did we read out =

5 SFILs = Scint. Fiber Inter Layer (192 SiPMs each side)
Baby BCal

pr==mr= 4 H2GCROC ASICs per KCU =288 channels/KCU

L g I

v N i.' “v |k . s
L :;5 " Each KCU is read out in its own stream.

Now we need to combine all these data!



First, some other data

Our KCUs had a common clock, but there is no GTU to keep the counters the same across streams
The KCU clocks count in sync (same source) but there is no common reset mechanism

So the clocks have an offset that we need to determine on a run-by-run basis for our data

It remains constant for the duration of a run

BTW, the Astropix has its own clock, which makes things more complicated. We are working on sync'ing
that but let's concentrate on the KCUs.

Let me show you some ideal data first that did have the benfit of a GTU (from the SPHENIX INTT).
Same idea, multiple crossings in a Timeframe, but this time it's all really synchronized.
And each of the 8 FELIXes/DAMs was a separate stream, held together by the GTU

N\



INTT Data
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The INTT has 8 individual streams. Each stream has one data packet

$ 1s -1 /sphenix/lustre0l/sphnxpro/physics/INTT/physics/*00080279*0000.evt

/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics_int

The packets are “named” by an ID that uniquely identifies the stream. The INTT had 3001...3008.

$ dlist /sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics intt0-00080279-0000.evt

Packet 3001 16388 -1 (sPHENIX Packet) 110 (IDINTTVO)

$ dlist /sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics intt1-00080279-0000.evt

Packet 3002 16388 -1 (sPHENIX Packet) 110 (IDINTTVO)

$ dlist /sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics intt7-00080279-0000.evt

Packet 3008 16388 -1 (sPHENIX Packet) 110 (IDINTTVO)

t0 ~
tl -
t2 -
3
t4
t5 -
6+
t7

—

r00080279-0000.
r00080279-0000.
r00080279-0000.
r00080279-0000.
r00080279-0000.
r00080279-0000.
r00080279-0000.
r00080279-0000.

evt
evt
evt
evt
evt
evt
evt
evt



Clocks/Crossing numbers
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The sPHENIX “GTU” provided each stream (not just the INTT) with its master-count of the global crossing

number (BCO). Each stream gets 40bits of the GTU’s 64bit number.
Here | fish out the first few BCOs in that first timeframe (154 total here):

$ ddump /sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics intt0-00080279-0000.evt

| grep BCO

Number of unique BCOs:

BCO
BCO
BCO
BCO
BCO
BCO

And here is the next stream (here all 8 happen to have this same list. Not guaranteed in SRO!)

o WMNhEKEkrO

0x22cba8872e
0x22cba887a6
0x22cba8881le
0x22cba88896
0x22cba8890e
0x22cba88986

number
number
number
number
number
number

of
of
of
of
of
of

FEEs
FEEs
FEEs
FEEs
FEEs
FEEs

for
for
for
for
for
for

this
this
this
this
this
this

BCO
BCO
BCO
BCO
BCO
BCO

14
14
14
14
14
14

$ ddump /sphenix/lustre0l/sphnxpro/physics/INTT/physics/physics intt1-00080279-0000.evt

| grep BCO

Number of unique BCOs:
BCO 0: 0x22cba8872e
BCO 1: 0x22cba887a6
BCO 2: 0x22cba8881le
BCO 3: 0x22cba88896
BCO 4: 0x22cba8890e
BCO 5: 0x22cba88986

154

number
number
number
number
number
number

of
of
of
of
of
of

FEEs
FEEs
FEEs
FEEs
FEEs
FEESs

for
for
for
for
for
for

this
this
this
this
this
this

BCO
BCO
BCO
BCO
BCO
BCO

14
14
14
14
14
14
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Combining all streams

Now we take those 8 streams and combine them into what the Timeframe is meant to look like, all 8
packets 3001...3008 in one place, sync'ed by BCO

(In the real reconstruction we combine all 84 streams that make up the full SPHENIX detector complement)

Here I'm doing this for 500 time frames only:

INTT7
3008

INTT6
3007

INTTS5
3006

INTTA4
3005

INTT3
3004

INTTZ2
3003

INTT1
3002

INTTO
3001

$ eventcombiner -n 500 /sphenix/data/data0l/purschke/intt-00080279-0000.evt
/sphenix/lustre0l/sphnxpro/physics/INTT/physics/*00080279*0000.evt

And here we are. An all-detector timeframe.

$ dlist /sphenix/data/data0l/purschke/intt-00080279-0000.evt

Packet
Packet
Packet
Packet
Packet
Packet
Packet
Packet

3001
3002
3003
3004
3005
3006
3007
3008

16388
16388
16388
16388
16388
16388
16388
16388

-1

(SPHENIX
(SPHENIX
(SPHENIX
(SPHENIX
(SPHENIX
(SPHENIX
(SPHENIX
(SPHENIX

Packet)
Packet)
Packet)
Packet)
Packet)
Packet)
Packet)
Packet)

110
110
110
110
110
110
110
110

(IDINTTVO)
(IDINTTVO)
(IDINTTVO)
(IDINTTVO)
(IDINTTVO)
(IDINTTVO)
(IDINTTVO)
(IDINTTVO)

INTTO | | INTT1 | | INTT2 | | INTT3
3001 3002 3003 3004
INTT4 | | INTTS | | INTT6 | | INTT7
3005 3006 3007 3008
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Ok, that's the Timeframe. Where is the Super-Timeframe? =~ ™=

Behind the scenes, it is there. The “cash and carry” of the data are “buffers”

Buffers are there to make larger-sized entities of the often too small Timeframes
Buffer = SuperTimeframe = many Timeframes

In day-to-day operations best seen in online monitoring
The online monitoring receives buffers with many contiguous TFs (needed in many monitoring applications)

Each buffer/STF is a self-contained contiguous large “time section” of data

The buffers/STFs are also the ones that "move” - to the disk, through the network, to a remote “combiner

With my measly 500 TFs, | got 4 such STFs. The sizes are completely tunable to what we need/want.

$ prdfcheck /sphenix/data/data0l/purschke/intt-00080279-0000.evt

buffer 128 at record 0 length = 66647704 8136 marker = ffffcOcO0 sPHENIX Marker

buffer 127 at record 8136 length = 66604920 8131 marker = ffffcOcO sPHENIX Marker

buffer 127 at record 16267 length 66604920 8131 marker ffffcOcO0 sPHENIX Marker
buffer 118 at record 24398 length 61884888 7555 marker ffffcOcO sPHENIX Marker
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Back to our KCUs =

Here we need to determine the clock offset first before diving into the TF/STF building

$ ddump -e 3 /data/purschke/BIC/data/KCUO/beam/beam ROC 0-00000723-0000.evt | grep Wave
Number of Waveforms: 10

————— Waveform O Samples: 8 Timestamp: O0x30bf57b7 817846199
————— Waveform 1 Samples: 20 Timestamp: 0x30c00497 817890455

$ ddump -e 3 /data/purschke/BIC/data/KCUl/beam/beam ROC 1-00000723-0000.evt | grep Wave
Number of Waveforms: 30

————— Waveform O Samples: 7 Timestamp: 0x30b77a28 817330728
————— Waveform 1 Samples: 2 Timestamp: 0x30b7fe67 817364583

There is no guarantee (no GTU!) that the first timestamp in both streams is actually the same event
But naively using the offset 817846199 — 817330728 = 515471, we can get “close’

But after that we need to rely on the actual data to determine the exact offset (beyond the scope here)
Same recipe:

0 1
1K2C0U01 + 112%[]02 =) beam_combined-00000723-0000.evt

$ dlist beam combined-00000723-0000.evt
Packet 12001 68304 -1 (ePIC Packet) 302 (IDH2GCROC3 10G)
Packet 12002 68304 -1 (ePIC Packet) 302 (IDH2GCROC3 10G)

10



Clock correlation

N\

Here are the original clock values, just using the offset to make a crude correlation.

It's not 100% right yet, but that's a different issue - all that goes away with a proper GTU.
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Online STF building
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So far | have shown the STF building from existing files.

We can do the same online by receiving the streams from multiple RCDAQs.

Unfortunately | have nothing in hand where | could generate two or more clock-sync'ed streams “live”
So | can show only one. We are taking just one TF stream and “combine” it into, well, a cohort of one.
But: | can do this through the LAN, and | can do this through the WAN

Just to show off a bit with a future Echelon1-type logging from BNL directly to JLab, | finessed this:

@ @ purschke@mlp6: ~

:~$
:~$ dag_status -1
mlp6 - Stopped
Eilerule: wrdnqwuu+

Logging enabled via remote server localhost Port 5001

have a trigger object
Buffer Sizes: 65536 KB adaptive buffering: 15 s
Web control Port: 8899
Elog: not defined
-- defined Run Types: (none)
No Plugins loaded
:~$ dag_begin
mlp6 - Run 11 started
:~$ dag_end B N L
mlp6 - Run 11 ended

:~$ I

@ @ purschke@ifarm2401:~

[purschke@ifarm2491 ~]%
' [purschke@ifarm2401 ~1% aml2 5001 kest_to_jlab-%08d-%04d.evt
aml version 1.02 Built on Aug 26 2026 ©0:55:09
pid_key = 840
Semid = 3
write thread created
waitforendrun thread created, ID=140523388003904
Wed Aug 26 ©01:17:04 2026
/tmp/aml_ waitforendrun thread started
bind complete on port 5001
Wed Aug 26 ©1:17:32 2026
/tmp/aml_ new connection accepted from localhost
New thread 7fce261fd64@ started for host localhost 'f 'l t)
new run = 11 sent from localhost I arm @J a
Wed Aug 26 01:17:48 2026
/tmp/aml_ waitforendrun recognized start of run
Opened file: test_to_jlab-00000011-0000.evt
Wed Aug 26 ©1:17:58 2026
/tmp/aml_ Run end signal from localhost Number of buffers: 2
Wed Aug 26 ©1:17:58 2026
/tmp/aml_ waitforendrun recognized end of run, buffers= 2
Closing file test_to_jlab-00000011-0000.evt

mdSsum: d41d8cd98fA0b204e9800998ecfB8427e test_to_jlab-00000011-0000.evt
Wed Aug 26 @1:17:58 2026
/tmp/aml_ Closing connection from localhost  Number of buffers: 2
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Switching gears — Run Control =

You have seen this screenshot from the BIC data taking already — cropped and zoomed here

’ ~ Itis a meta-control for any number of RCDAQ instances that then operate as
XE RunControl T1Fg<g E|! ; 1
S = acoherent “cohort
i ‘ " Synchronized starts/stops (and other controls, like the “Run Type™ selection,
R ing for 0:03:54 s . . .
a——— . such as beam/calib/cosmics/junk)

Events: 216 (0.0 Hz)

Logging Enabled We wouldn't have been able to operate the 4 streams otherwise

malul

[ JoN | % Run Control
Close
Run Control
End 40:
Running for 0:01:59

| had mentioned the 84 instances we had in Rum: 72760

Events: 986813 (10810.0 Hz)

SPHENIX - that’s how it looked there. Logging Enabled

1 —— ——

KCU O I KCU 11 I Asunpix:zl CAEN:3 I
Close

IT welell] —— =10 4
ThAdevFrear+ izt indes b of ranne Pause
End
|t h h k f b't t' t b . / d d f t beam calib cosmics dryrun i
as hooks for arbitrary actions at begin/end run (used for systems e

vl I | t t t t b I / d glidag | sepoo-Emcal seb01 - EMCal s5eb02 - EMCal | sepo3-Emcal
reqUIrIng SpGCla rea men a egln en run seb04-EMCal | seb05 - EMCal seb06 - EMCal seb07 - EMCal | sebos - EMCal
seb0g - EMCal | seblo-EMcCal sebl1 - EMCal seb12 - EMCal | sebl3-Emcal
sebld-EMCal |  sebl5-EMCal sebl6-HCalWest | sebl7-HCalEast |  sebl8-MBD
. . seb20-ZDC/SEPD | inti0 - INTT inttl - INTT inti2-INTT | init3 - INTT
It also controlled the GTU (de-fanged for the BIC since there is none) Eem) ey X T 6d B Y17 A F M
evacor-Trc | \Jebdboz freA \JJ Lesflados \hes{ ebdc04-TPC | ebdc05-TPC
bdc06 - TPC ehdc07 - TPC dc08 - TPC ebdc09-TPC | ebdcl0-TPC
bdc11 - TPC ehdc12 - TPC dcl3 - ebdcl4-TPC_ | ebdcl5-TPC
bde16 - TPC -TPC dc18 ebdclo-TPC | ebdc20-TPC
ebdc21 - TPC -TPC bdc23 ebdc00:1 - TPC bdc01:1 - TPC
bdc02:1 - TPC 1-TPC bc04:1 - TPC ebdc05:1 - TPC bdc06:1 - TPC
bdc07:1 - TPC 1-TPC bdc09:1 ebdc10:1 - TPC bdc11:1 - TPC
bdc12:1-TPC | 1-TPC bdc14:1 ebdc15:1-TPC | ebdclil-TPC
bdc17:1 | 1-TPC bdc19:1 ebdc20:1-TPC | ebdc21:1-TPC
bdc22:1 | ebdc231 -TPC bdc3g - TP mvx0-MVTX | mvixd - MVTX

v - MVTX | W3 - MVTX mixd - MVTX ms - MvTX |
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Online monitoring =

RCDAQ supports real-time online monitoring.

An arbitrary number of clients (usually just one) can opportunistically request STFs (buffers) from RCDAQ
and fill monitoring histograms

There is a framework called pmonitor that makes that a breeze

pmonitor (and any client, really, dlist, ddump, ...) can open any type of data stream and monitor “live” data,
or replay data from a file or a combined file

We had one “central” online monitoring setup that made 6 or so root canvases and several “specialty” ones
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ASIC nnels 0-71 7 EEec
ggggggggggggg Toos o [l E10 Edt view gotons
= o B oe wr _ o o o one ones. I
,,,,,, M— Max ADC vs Crannel TTed 8
S = o £ e et o e
cix v e * -— KCUU ASICU Passive South
BErral e - = ez —es — R ] TR e DU
] =
e B - —_— e e ]
o S oo oo £ 3
N - b N .k
= = - e e s i - : —ea s CXRENERE LY EXRVTITTTYrEsY
I S — =] i
I i = - = i i i
— — - o o e o o
v R P 3 w? — . Frrer TTTTTETRTITRIEES
FTTTIIEEIIREEES
IR ERAAA TRy

We could see in seconds what, say, a change in some parameter did

Provisions to automatically reset all histos for a new run, and save everything for posterity at end-run
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POMS - more formalized online monitoring =

In sSPHENIX we had formalized the online monitoring with a class/wrapper called POMS - the ePIC Online
Monitoring System” ©

The end product was a stylish root Canvas with annotations, explaining what you see and how stuff should
look like

This is just a framework that the detector experts used to set up various levels of monitoring (for shift crew,
detector experts, power users...)

We have each monitoring canvas captured for every run ever taken by sSPHENIX

[ MBD ONLINE MONITOR |
CEMCMONDRAW: Pulse fitting
Run #82519 Events: 297912 Date:Tue Feb 3 18:21:16 Run 82519, Time: Tue Feb 3 18:21:16 2026 .
. | ZdcMONDRAW_1 Run 82406, Time: Sun Feb 1 14:42:51 2026
b MEBD ZVertex (TRIG = MBD N&S >=1, || < 10 cm) _ -

01234567891011
sample #

o Sation ol Lavrs
QL NWPONONOWO .

500 1000 1500
MBD South Hitmap MBDN 1thmap

&r . Y01234567891011
1o “ Sample #
r a2 | , ‘ .

LY f;.-n,i

|.||‘ 7000 2000 3000 4000 500
ADC Pedestal

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

S dractomatTgners

10 -0 B3 Q 5 10
x {em) x {em)



Final thing — eicrecon support

N\

We should get into the habit of using the actual analysis framework to analyze our data
Last December | demonstrated a full “in-house” analysis chain for RCDAQ data with eicrecon
| used the at the time latest ZDC test beam data (also a H2GCROCS3, but any front-end will work)

https://indico.bnl.gov/event/30440/

Beam Dump

Data File

!

I “
Ire-tocledthe | = —~ — ~ = = oiararell e s fou oo (= —
existing pmomitor- | - - - 3 03 R RIRE
based analysiswith | 7 =1 " ¢ IRIBIRIn ~ Native “podio” data input
ElCrecon g O _ via “JEventSourceRCDAQ"
Thisgivesidentical ST oo 3 3 T T S T S Y T S

output/results from v v e e e e e
both oO0ooooogoool Cogoogooo
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Select recent ePIC Data Taking Campaigns =
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We have plugins for many common devices -

DRS4 Evaluation Boa

LI
2

‘
l

iL lfl._la

e

l
**i
l;

L
unm

DRS4 Eval board

The CERN RD51

“USB Oscilloscope” SRS System
The CAEN V1742
waveform digitizer FELIX Cards
The SRS used to be the workhorse readout system And many more!
(still used a lot in ePIC R&D with MPGDs) | know of about
The support here is what got RCDAQ on the map in 350rso

many external places e
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Summary =

The structures-by-a-different-name in RCDAQ map seamlessly on to Timeframes and Super-Timeframes
We can combine individual streams from a cohort of RCDAQs into a clock-matched all-detector STF
The underlying protocols are network-transparent and work on the LAN and the WAN

The “buffer” == STF is already used as a standalone/self-contained structure, just the way we envision it

We have Run Control as a meta-controller to seamlessly manage a cohort of RCDAQs, each reading out a
particular FELIX/DAM (or what have you)

We have support for real-time, “live” online monitoring (or to replay existing data) — also network-
transparent

Data can be analyzed in eicrecon

We used most of the above features routinely in 5 different measurement campaigns, but most
comprehensively in the BIC test beam.

| will get one grad student next week to work with me, and may get another 0.5 PD, to be seen

| would very much appreciate and welcome collaboration on this. The various test beams (and, in case of

pfRICH, years-long buy-in have helped to grow some experts already)
19
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Long History of EIC-themed test beams with RCDAQ =

The RCDAQ system has been a pillar of EIC-themed data taking for R&D, test
beams etc since 2013 — eRD1, eRD6, LDRDs, ...

Many active RCDAQ installations in the ePIC orbit + ~30 elsewhere

Usual entry by ease-of-use for standard devices (DRS, SRS, CAEN, ...) and
support for fully automated measurement campaigns

Dual-sided PWO readout (2017)

e

Thanks to Jin Huang
for this collection
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