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UDAQ Readout

q Run Control v2.4.3-21-gbf5b8bd7

EUDAQ Online-Monitor v2.4.3-21-gbf5bab:

State: HX% & @ | 12 HME 2 Raw Hitmap
= y o1z
Current State: Running F
[CJHMB ol
Control [ZAComelations F
Init file: /home/belle2/Documents/github/eudag/user/HMB/misc/Ex0.ini Load I (X3 Conelations Vs Time E
[Z] Monitor Performance E
Config file:  /home/belle2/Documents/github/eudag/user/HMB/misc/HMB_2020-11-09_gauss.conf Load Con [ZAEUDAQ Monitor N F
Py
Next Runi: 5l Stop F
| 0% Re T : :
° E)
Log: Log LogConfigs x
N ) HME 12 Raw Hitmap HME 13 Raw Hitmap
SecanFile scan file not set Load Start Scan .oa2 F_Ivimap FIE T > 12 LA
F Tz n T
F oan < 5727 F Moanx S0t
F oany 424 F Moany  4se2
o ETELTET Y o " SmOovs 4083
Run Number: 242 my_dc:DataCollector: 6656 Events E St Dovy 258 SidDovy 2323
StdEventMonitor:Monitor: 6656 Events HMB_producer1:Producer: 6657 Events sF e s
HMB_producer2:Producer: 6656 Events log: SERVER: tep://40061 r 0 e
F .
Ci il F 0
- o
type A name state connection message oo +
LogCollector log RUNNING tepe//127.0.0.1x... Started <_SERVER= tcp://40081 2 =
DataCollector ~ my_dc RUNNING tepe//127.0.0.1x.. Started <EventN= 6656 <M{litorEventN> 6656.000000 < SERVER> tcp://41217 E " F
Monitor StdeventMonit... RUNNING tepe//127.0.0.15.., Started <EventN> 6656 <_SERVER> tcp://41347 oL SE—— BEPSCATS PR AR A | T R P N S A S 3
Producer HMB_producer] RUMNING tepi//127.0.0.1z., Started <EventN> 6657 * *
Producer HMB_producer2 RUNNING tepe//127.0.0.1x.. Started <EventN> 6656
[run: 242 [ cun. event: 6653 [ Analysed events: 55296 4

EUDAQ Log Collector belle2@belle2-OptiPlex-9020: ~/Documents/github/eudag/user/HMB/python

ek o Search: File Edit View Search Terminal Tabs Help

0-DEBUG v all v

Received ~ | Sent Level Text Function

11:20:47.548 11:20:47.548 4-INFO  Receive a CONF section DataCollector.... CommandRec... AsyncForw: e = =
11:20:47.548 11:20:47.548 4INFO  DataCollector.my_dc is to be configured... DataCollector.... DataCollector.... OnConfigul : =1
11:20:47.548 11:20:47.548 4INFO  DataCollector.my_dc is configured. DataCollector... CommandRec... OnConfigul

11:20:47.548 11:20:47.548 4INFO  Receive a CONF section ProducerHMB... CommandRec... AsyncForwi

11:20:47.549 11:20:47.548 4INFO  Producer.HMB_producer1 is to be configured... Producer.HMB... Producer.cc:37  OnConfigul

11:20:47.552 11:20:47.552 4INFO  Receive a CONF section Monitor.StdEv... CommandRec... AsyncForwi

11:20:47.552 11:20:47.552 4INFO  Monitor.StdEventMonitor is to be configured... Monitor.StdEv... Monitor.cc:67  OnConfigul

11:20:47.552 11:20:47.552 4INFO  Monitor.StdEventMonitor is configured. Monitor.StdEv.. CommandRec... OnConfigul

11:20:47.908 11:20:47.908 4INFO  Producer.HMB_producer1 is configured. ProducerHMB... CommandRec... OnConfigul

11:20:48.877 11:20:48.877 4INFO  Producer.HMB_producer? is configured. Producer.HMB... CommandRec... OnConfigui

11:20:50.308 11:20:50.308 4INFO  Processing StartRun command for RUN #242 RunControl.RC... RunControl.cc:.. StartRun()

11:20:50.409 11:20:50.408 4INFO  RUN #242 is to be started... Monitor.StdEv...  Monitor.cc:81 OnStartRur

11:20:50.409 11:20:50.409 4INFO  RUN #242 is started. Monitor.StdEv.. CommandRec... OnStartRur

11:20:51.509 11:20:51.509 4INFO  RUN #242 is to be started... DataCollector... DataCollector.... OnStartRur

11:20:51.511 11:20:51.510 4INFO  DataReceiver: Connection from <ConnectionTCP= Monitor.StdEv... DataReceiver.c... DataHandle

11:20:51.511 11:20:51.511 4INFO  RUN #242 is started. DataCollector... CommandRec... OnStartRur

11:20:52.609 11:20:52.609 4INFO  RUN #242 is to be started... Producer.HMB... Producer.cc:58  OnStartRur

11:20:52.609 11:20:52.609 4INFO  RUN #242 is to be started... Producer.HMB... Producer.cc:s8  OnStartRur

11:20:52.611 4INFO  DataReceiver; Connection from <ConnectionTCP> DataCollector... DataReceiver.c... DataHandl

11:20:52.612 4INFO  DataReceiver: Connection from <ConnectionTCP= DataCollector.... DataReceiver.c... DataHandle

11:20:52.612 4INFO  RUN #242 is started. Producer.HMB... CommandRec... OnStartRur

11:20:52.612 4INFO  RUN #242 is started. Producer.HMB... CommandRec... OnStartRur l

| eudaq Run Cc EUDAQ Log | EUDAQ Online-Mon... M &% 1520



EUDAQ Config Files

File FEdit Selection View Go Run =+ HMEB_2020-11-09_gauss.conf - eudaq [S5H: labpc] - Vis... —

N * Contains all Information for
operate the Detector

[RunControl]
= 68008

* |s stored for each run

= my_pd@

= "log, SERVER"

e Can contain optional information
such as conditions

* Contains a threshold Value for
each Channel

F  Contains a global threshold

= fhome/belle2/Documents/github/eudaq/tmp/
= [home/belle2/Documents/github/eudaq/tmp/roling_register - Va | u e

= 192.168.1.33

S+ Do~ ox * Actual threshold is calculated by:

(base) : % cd bin
(base) -
: ¢ ./euCliConverter -i /home/belle2/Documents/github/eudaq/tmp/dat Thr_aCtuaI Thr_gIObaI + Th r_ChanneI
afrun241_2061121184115.raw -o run2dl.csv
run2dl.csv

(base) : $ |:|

X SSH:labpc & hmb* @ ®0A0 % No Ports Available @ CMake: [Debugl: Ready % No Kit Selected 4% Build [l & D



Calibration

N 7 £ * Threshold Scan using
N £ “Scaler Module” in Firmware
o * Gauss Fit
N Thr_Channel
. = Gauss_mean — 5 * gauss_std
o T T T T T T
e e e e * Problem not all channels are as
00| o o Ol = clean as the top one.
250- IF
L )
o |
100 |
o
o T T T T T T
3000 3100 3200 3300 3400 35 [ [ e—




Conversion Steps and File Sizes

* Example File: e CSV files were created to use
run241 201121104115.raw with pandas
Size: 1.3 GB =>» Files to big for pandas

- Converting to CSV =>» Converted it to root TTrees

Size 5.1 GB

* Converting to ROOT
Size 0.5 GB

e Extracting True Hits*
Size 9.4 MB

* This file contains more then just True Hits



Conversion From CSV to ROOT

File Edit Selection View Go Run Terminal Help converter.cc- SCT_Correlations2 - Visual Studio... — ° O pe n O Ut p Ut ROOT FI Ie
converter.cc X y g Open in put CSV
macros » converter.cc » Write()
[ J

ot Filter data for valid Plane ID

_ Xand Y Correspond to
e e Channel Number and ASIC
Number

Convert to 1d Coordinates

var(all grouped) = sct::group_events(all dump, ' d Ad d AX IS
csv.getProcessorCollection()->1oop();

out_filel->Write(); ¢ Add POSItIOI’]

Group by event number

¥ Prmasterr Corz2r ®osAo Ln 14, Col 22 Spaces:2 UTF-8 CRLF C++ Win32 & [

*Could have been done
directly from EUDAQ to ROOT



Extracting True Hits and Clustering Part 1

Eile Edit Selection View Go Run Terminal Help clustering.c _Correlations2 - Visual Studio Code

clustering.cc X

clustering(: stri InputFile, s ; i outputFile, runNumber) [{

configFile = config()[runNumber];
m file2 = Snew TFile(InputFile.c str());
raw_file
TFile * out_filel =
; ))-»getPlane

Vi rigger) = raw_data[raw
temp_var(d

temp_var(d

Load Analysis Config File

Open Input ROOT File

Open output ROOT File
Determine which hit is a trigger
Hit

Splitting data and trigger

Cross Correlate all trigger with
all data (hits)



Extracting True Hits and Clustering Part 2

File Edit Selection View Go Run Terminal Help  clustering.cc - SCT_Correlations2 - Visual Studio Code

Use determine the difference
vacos > & custeringcc > © varfel between each data hit and the trigger

temp_var(data) = raw_data|raw_data| trigg = ; hit

clustering.cc @

If time difference is smaller than
ined_with_trigger.valid_planes lookback window mark hit as either
elta = TimeStamp2-TimeStampl; . . . .
if(configFile[PlaneID].LookbackStart fine < delta Coa rse hlt Or aS flne hlt (true hlt)

B&
delta < configFile[PlanelD].LookbackStop_fine){

Drop all unneeded coulumns

}

if{con‘FigFil;éPlaneID].LookbackS‘tar‘t < delta Store ref hits (Coarse hits + fine hitS)

delta < configFile[PlanelD].LookbackStop){

ey Store true hits (fine hits)

return @;

. _ Cluster true hits

temp_var(ref_hits_proto) = data_joined_with_trigger_valid_planes[data_joined_with_trigger_ valid_planes["isTriggered"] > 0];
var‘(__rjgf____h.i_ﬁg) = _Tj.__;j.i::select(ref_hits_proto, {"x1","y1", "TimeStampl®”, "TimeStamp2”, "isTriggered"”, "Chargel™,"Charge2"”,"PlanelD"} |); ° A cluster is absolute dista nce between
two hits is not larger then:

temp_var(trueHits_proto) = data_joined_with_trigger_valid_planes[data_joined_with_trigger valid_planes["isTriggered”] == 1];

oL inestanea T, riseert s cl_conf("position1", 1)+ // Adjasent hits

"trigger2","Ru g EventNumber2",

e e cl_conf("axis1", 0) + // same axis

"index1",

:;::clustering(trueHits, Cl_Conf("PIanEID", O)+ // Same pIaneID

cl_conf("axis1™, @) +
cl_conf("PlaneID", @)+
cl_conf("Charge", @)
);
raw_file->»getProcessorCollection()->1loop();
out_filel->Write();
¥

X Pmasterr S22t @asoAo




Cluster Study

ClusterSize.ClusterSize ClusterID.Cluster|D o
htemp = | htemp

F Entries 30844 25000 F— EA’:QES 1
30000 — Mean 1.001 i Std Dev

C Sid Dev_ 0.03774 T
25000 — 20000 1
20000 — 15000 HH
15000 — 10000 [T
100005 5000 | H
50001 oL |HHHI‘.Immﬁ1h4|.....|

F 0 5 10 15 20 25

C ClusterID.Cluster|D

Py | o O S HF I IR

1 12 1.4 16 1.8 2
ClusterSize.ClusterSize
ClusterlD.ClusterlD
htemp

C Entries 30844
18000 [1— Mean 0.5555 ° CI S- . I I
ool StdDev  0.808t uster Size Is almost a ways zero
14000 [

* Cluster ID: each cluster for each
i event gets a unique ID starting

8000 [
from O
40005—
20005—

ClusterlD.ClusterlD



TimeStamp2 - TimeStamp1

7000 —

i Optiens Tools

TimeStamp2 - TimeStamp1

zsoouf
zoooof
150003
mooof

5000

30000—

121.6

coarse hits
Fine hits

130 140 150
TimeStamp2 - TimeStamp1

* Collection ref _hits allows to investigate the
signal to noise ratio

* SNR = Signal in ROl / Expected noise hits in ROI

* Ref_hits is used to determine the
1d hit rate



itmaking

File Edit Selection View Go Run Terminal Help “orrelations2 - Visual Studio Code

e ° Open Files

runNumber) {

e, ’ , e Get Collection of true hits

Snéw EUTFile(m_f

B * Separate 1d hits by axis

temp_var(

Sl e * Cross corelate 1d hits of
S different axis

irn positionl2; };
~eturn TimeStampll; };
urn RunNumberll; };

urn EventNumberl; }; e Rena me C0|umns to keep names
consistent

* Drop unneeded columns

raw_file->getProcessorCollection()->loop();
out_filel->Write();

X Pmaster Soi2t @109ho Ln27,Col3 Spaces:4 UTF-8 CRLF C++ win32 & [2



Correlate different planes (Track maker

3¢

File Edit

:—’ master*

Go Run Terminal Help HitMaker.cc - SCT_Correlations2 - Visual Studio Code

HitMaker.cc X

outputFile, runNumber) {

m_file2 = Snew TFile(InputFile.c_str());
raw_file Snew.El i  file2);
TFile * out_filel = J ¢
(trueHits) = t ~ueH1i ->getPlane(.

temp_var(t
temp_var(trueHits vy ueHits[trueHits[ 1 1];
in(trueHits_x, trueHits_y,

'n positionll; };

trueHits_2d_canditates "n positionl2; };
trueHits 2d canditates[ i 11){ rn TimeStampll; };
trueHits 2d canditate L rn RunNumberll; };

] return EventNumberil; };

drop(trueHits_2d_canditates, {
sition12"

temp_var(trueHits 2d ne_2) = trueHits_2d[trueHits_2d["Ple )
temp_var(trueHits_2d plane_12) = trueHits_2d[trueHits_2d["P 2];
ates) = join(trueHits_2d_plane_2, trueHits_2d_plane_12,

raw_file->getProcessorCollection()->loop();
out_filel->Write();

Sn2z @112h0 In31,Col 3 Spaces:4 UTF-8 CRLF

C++

Win32

e Get all 2d Hits from plane 2 and
correlate them with all hits from
plane 12



Time Correlation

1 — O x
- 8 o - o x
Eile Edit View Options Tools Help
File Edit View Options Tools Help
TimeStampl-TimeStamp? | -7ed « TimeStampl-TimeStamp? && TimaStampl -TimeStamp2< -B00026)
T 1-TirieStiarh i w2 | 672086 - TimeStamp!-TimeStamp? &8 TimaStamg1- TineStamad. -BEa06E}
htemp 6
= - 10
2000 — _ Entries 5681 by
= Mean  —6.668e+09 = - -
1800|— Std Dev_ 1.613e+08 -6695 160
1400__ -6700—
— B 120
[ ]
1200— qE:' B
- — -6705— 100
1000:— B -
— - 80
800— -
- -6710—
600— - - B 60
— B |
400 ~6715|— 40
200— -
— B [ | 20
o 1 I rH'Il_lT‘—|Jn_-—n—-J"1L.-.r||n T R el —B720—
7000 _BB00 —_B6600 6400 —6200 —6000 ol v v v v b v e b e b b L
TimeStamp1-TimeStamp2 000 2000 3000 4000 5000 6000 7000 8000 9000
TimeStamp2

Clear linear run off between the two Scrod boards



Correcting Jitter between the two Planes

e Correcting for Time
Stamp drift

: * Cut on time stamp

FLLrUen1t [ . C 3 Cru (5 ))->getrianeqL
, 2 - O X
temp_var(tr X,
temp_var(tri S Uk g 5 ) ) File Edit View Options Tools Help
tempfvar(‘_gr'l_leHi ta :ir_](tr‘ueHitsix, trueHits_y, {"Pla ;
TimeStamp-TimeStamp? TimeStamp2 { -1e6 < TimeStampi -TimaStamp2 && TimeStampl-TimeStamp?« 1e6}
trueHits_2d_canditates ' rn positionll; }; 103
X
trueHits_2d_canditates lambdal(position12){ rn positionl?; }; ca 200 —
trueHits_2d canditates "] = lambda2(TimeStampll,PlanelID){ g :-.
configFile[PlaneID].TS slope*TimeStampll) ; 5 - —1860
15 @ 150 —
TrueH1t {unhiu i i [){ return KunNumperll; } E — -
1 EventNumberil; }; i - = —1140
— -
g- 100 —
= = — 120
2 of 1
Y
= - — 100
0
- 80
-50—
temp_var — B0
temp_var 100 — r
= ..'- 40
150 o "8
anelD1].TS Cut ;m : || ‘ 20
-200—
T NN T T AU AT T T N O T T T T A S N B A 0
canditates["isInTime"] > 8]; 1000 2000 3000 4000 5000 6000 7000 8000 9000
sorCollection()->loop( TimeStampE
out filel->Write();

X Prmaster o2t @127A0 Ln175.Col 20 Spaces:4 UTF-8 CRLF C++ Win32 & [2



Correlation

2 X
File Edit View Options Tools Help
x1:x2

= 100
E - 50
90—
80— [ ]
= - - 40
70—
C [ ]
— [ | [ |
co M = ™E %
— |
— [ |
50— - J:I
— 20
e Ay
O e e u™m -
30— [r— 10
C . - - |
on[ . . m L
—_'-IIIIIFII-II|IIII|IIII|I-III|IIII|IIII|IIII 0
20 30 40 50 80

2 - >
File Edit View Options Tools Help
x1:x2

= 100

— ] ]

9o — [ | . [ | 50
- [

80—
- - ] ] 40

70__ [ | [ | ||
— [ |
— .

N P .
— [ |

s - - — -
E‘ - -- [ ] B 20

40— ||
TR B T

30— [ | ] [ | 10
— ! n [ |

20: I = -
—_+||||-||F||||||||-||||||||||||||||*||||||||| 0

20 30 40 50 60 70 80
Run 233

Run 234




No Correlation
between planes

run227 0351 ®

030

%_

0.20

015 A

010

005 1

Number of True Hit / Number Of Trigger

I I I I I
50 55 &0 E5 70

Global Threshold
(higher Values = lower threshold)

 Low thresholds seem to block the readout
» Detector is always busy = blocked



Multiple readout Frames per Event

Plane 12

Event 2

Event 3

Tracks multiplicity: How many times do we repeat the

same event. LI D IS U | S IS
htemp
L ~ - _ _ Entries 2756
250 — hean LW
— Std Dev 3.043
200 [—
150 -
100 |—
50—
n _ 1 1 1 I 1 1 1 1 1 1 1 I 1 1 I 1 1 1
a 2 4 5] B 0 12
DCCUrrance. occurmanse

Enumeration of the track repetition
Particle

Will end up in event 2 and 3.
In event 2 it will have an occurrence parameter of 1 in event
3 it will have a occurrence parameter of 2



nigque Tracks

2
==
18-
File Edit Selection View Go Run Terminal Help HitMaker.cc (R=
. 12—
HitMaker.cc X E
i— @ L
naicactes| y 1ampdal(positlonis)q | POSLTlONLs; j, O.B:—
d_canditates| os:—
TimeStampll : c gFile[PlaneID].TS_slope*TimeStampll) ; E
04—
er"] = lambdal(Run return RunNumberll; }; 02—
umber”] = lambdal(Even { return EventNumberll; }; 0: T R T T T R S T B T
2 4 & 8 10 12
Chaman

Only take first occurrence of event

s it P Reduces the number of hits by a

2d[trueHits_2d["P1 1;

= join(trueHits_2d plane_2, trueHits 2d_plane_12, fa Cto r Of 10

trueHits_2plan

e 2. ' et  Correlation plots stay unchanged

2d) = trueHits_2plane_2d_canditates[trueHits_2plane_2d_canditates["isInTime"] > @];

B Hit rate stay the same since the

trueHits_2plane_2d

, e number of triggers is also reduced
A O by a factor of 10

* First occurrence is either the first
. T or the second data frame in event




1d Hit Efficiency

Count of Unique 1d true hits time stamps

Effici _
fJictency Count of Unique Trigger Time Stamps

Run227 1d Efficiency = 38%



