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Main goal

Complete event building and event filtering in the PandaRoot

corresponding to the future DAQ system.

Presented in the previous collaboration meeting:
* Event mixing procedure

* Time-gap event building
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Main goal

Complete event building and event filtering in the PandaRoot

corresponding to the future DAQ system.

What was planned for this meeting :
* Investigate the event “scrambling”
* Implement time-ordered data flow for the EMC clusters and PndTracks
* Implement time-gap event building for the EMC clusters and PndTracks

* Implement event filtering and investigate its performance
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Triggerless DAQ system

Physics-event

Intelligent Intelligent Burst-building network with data reconstruction,
front-end front-end pre-processing filtering
(Front-end) (Data Concentrators) (Burst building) (Compute nodes)

—

Single Clock-source
for complete detector
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PANDA Physics

Impact by precision (statistics, resolution)
and uniqueness (terra incognita)

Key questions
Nucleon properties
PANDA Physics Pillars
Exotic hadrons
Nucleon structure
In-medium hadron
properties /Strangeness physics
pp and pA

= interactions
Colour transparency \Charm and exotics

Neutron stars Hadrons in Nuclei

Matter-antimatter _ _
asymmetry Karin Schoenning



W 7 university of
Eata, groningen
R

Benchmark channels for the DAQ

1) pp — A°(— prn~)A°(— pnT) ate_=2.304 GevV.

Study of hyperon spin observables for probing QCD in the confinement domain

2y pp — J/YP(— ete”)mtm~ atE_=3.872 GeV.

Study of charmonium exotic candidate X(3872)

3) pp — ete  atE_= 2256 GeV.

Study of electric and magnetic form factors of the proton in the time-like region

3) pp — ete nw0(— ~7) atE_=2.256 GeV.
In addition to previous one, this reaction allows to study time-like form factors of

the proton below the threshold of the proton pair production of (ZMP)2

Main requirement : A reasonable efficiency after background suppression.



Time-gap event building in a

It is based on the time
difference between
adjacent hits

It performs well as long as
a time difference between
events is big

nutshell

<+ +——p I
t

R +“ !
t
Picture is taken from Tobias Stockmanns’
presentation.

/8



university of
groningen

Simulation workflow

Physics-event

x2 Sim macro Intelligent Intelligent Burst-building netwo_rk with data reconstruction,
front-end front-end pre-processing filtering
‘ Reaction parameters ‘ (rnt-end) (Data Concentrators) (Burst building) (Compute nodes)
| E
Number#i‘nergy, N
inp-out particles ‘
v
MC Simulation [
(Gen + Geant 3)
AN
MCTracks, FairPoints,
FairHits
Correlation&PID macro Single Clock-source
for complete detector
Barrel&FTS Pndpid
GenTracks Candidates
MdtTracks
And Clusters

Genlracks J ‘ CIUSIersse 1Irdcks umepuncnes J
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Monte-Carlo information

X2 Sim macro

‘ Reaction parameters ‘

Number,| Energy,
inp-out particles

v N
MC Simulation ‘

(Gen + Geant 3)

MCTracks, FairPoints,
FairHits

||

Generate two files with:

1. SIGNAL - 1000 events at 6.2315 GeV/c, EvtGen:

Lo

. T
» T[—
Y(2S) 'S
~J/w
"

2. BACKGROUND - 2000 events at 6.2315 GeV/c, FTF generator:

(all possible inelastic reactions, respecting cross-section)



EE university of
(J;’i groningen

/11

Monte-Carlo information (VIRGO)

X2 Sim macro
‘/ Reaction parameters ‘
p oo i Generate two files with:
]
v N
MC Simulation
(Gen + Geant 3) ‘
1. SIGNAL - 10° (100 per seed) events at 6.2315 GeV/c, EvtGen:
. T
> 'II—
P
Y(2S) T
o - )/

-t

2. BACKGROUND - 10°%(1000 per seed) events at 6.2315 GeV/c, FTF generator:

(all possible inelastic reactions, respecting cross-section)
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Digitization

Digitization macro

{Analo g ge neratioﬂ
Tasks

hS e

i

Digitization

Event-based
* generation of analogue signals
» digitization of analogue signals
* no overlap possibility
* no time sorting

* jisolated events

/12
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Digitization

Digitization macro

' ) '
nalog generation _ Charge or Waveform
’-A Tasks &Noise simulation T'WO Buffers

ActiveTime_———

_—— order
Ve ‘““ - | |

. PndDigis o
Digitization |~ = FgE Time) RingSorters

. A . S

Entry with Sorted Digis

Time-based
* generation of analogue signals
* digitization of analogue signals
« overlap possibility (TWO Buffers)
e time sorting (Ring Sorters)

* time-ordered stream
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Timebunch creation

AT Builder Macro
0 X
‘ TimeGap | Correlated >‘ Clustering
| Builder | Timebunches | &Tracking
@@ — 0= J

Tracks&CluSeE ———"

Dr,z:teven! asigning

Cluster&Track Entry with
Sorters Sorted Clusters&Tracks
e v

Entry Digi Arrays: e

Entry Track&Cluster Arrays:

Srt. Barrel Tracks

MVD Srt. Hits -
STT Srt. HJ:.tS v Srt. EMC Clusters
GEM Srt. Hits " Srt. Muon Tracks
' Srt. FTS Tracks
EMC Srt. Digis rd
MDT Srt. Hits /./"
FTS Srt. Hits H
-
AT Builder Macro 2
.

Clusters&Tracks

Correlated

timebunches

<+—> —>
t

—p <>

T
t

processing digi-bunches by the time-gap builder
clustering&tracking, within created timebunches
cluster&track sorting

processing tracks&cluster bunches by the time-
gap builder
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X2 Sim macro

( Reaction parameters J

Simulation workflow

Digitization macro

r S —
nalog generatio% Charge or Waveform
"A Tasks &Noise simulation I'WO Buffers

6 orrelation&PID macro

.

AT Builder Macro

TimeGap

Clustering

-
Correlated ’

Number,|Energy, S Builder Timebunches &Tracking
inp-out particles ActiveTime escluses
—— order [race== fgning
v . _—— ——Digievent®
. . c e PndDigis 3 ( ~
MC Simulation ‘ Digitization J— = FE(ETime) RingSorters Cluster&Track Entry with
(Gen + Geant 3) \ Sorters Sorted Clusters&Tracks
.
MCTracks, FairPoints, Entry with Sorted Digis
FairHits
dg\g\ ’ Entry Digi Arrays: | Entry Track&Cluster Arrays:
A s - T h .
Cﬂrrme‘f’““d,‘» : . MVD Srt. Hits —V Srt. Barrel Tracks
- S, STT Srt. Hits w Srt. EMC Clusters
. g GEM Srt. Hits J Srt. Muon Tracks
- N | e 4
- - - K \g@\é‘ //// Srt. FTS Tracks
Offline analysis o e ot Dlgis
i A EmeClusters ¢& MDT Srt. H].'ts
e Brmeees FTS Srt. Hits
— l

BarreI&F‘TS PndPid
GenTracks Candidates
MdtTracks

And Clusters

P
4 .
Kalman filter macro

Timebunches Barrel&
Barrel& FTS
FTS Tracks GenTracks

AT Builder Macro 2

Correlated
Clusters& Tracks timebunches
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Possible imperfections
of the time-gap method

Event-based study (Signal)

Time-difference distribution between adjacent-in-time hits

if all events are used

neighbouring timestamps difference of EMC

JlII| T IIIIIII| T IIIIIII| T IIIIIII| I IIIIIII| T TTT

Entries 46319

Is it useful?

Ll | 0 |
0

500 600
Time, ns

Event “smearing” effect

10

neighbouring timestamps difference of STT

JlII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I T TTTIT

Entries 97311

Is it useful?

..|.|II...|JI...I|I...I.|I.I..|I..

100

200

300 400 500 600
Time, ns
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Possible imperfections

of the time-gap method
Event-based study (Signal)

Mother ID and its PDG particle with dt >20 ns

(52500
a - _
& 5000 Entries 752 _l1g0
= Integral 636
10001 —120
500 —
- _ 100
= — - — -—
E — 20
500 —
— 60
-1000—
~1500— X
—2000— 20
| — | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
2500,3 0 10 20 30 a0 50 O
MotherlD

Potential danger of event
“granulation”!
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Possible imperfections

of the time-gap method
Event-based study (Signal)

Length = #entries

............................. ~. .. Index

Counts

Entries 1007
Integral 1007

0.2 03

Relative position

30

20

10

0

--------------------------------------

Relative position = Index / Length
Timegap position for EMC

Entries

Integral

=
of
-

Timegap position for STT

0.2
Relative position



number of gaps per event EMC

Counts

Entries

Counts

L | L L L
8

Event cutting with time-gap

Event-based study (Signal)
dt =20 ns

10°

10

Considerable amount of
events with a time-gap(-s)

IELETL TEELETL T DL OO TR o
ERE) = a4 5

number of gaps per event STT

/19

Entries

o,

6 8




number of gaps per event EMC

Counts

Entries

Counts

Event cutting with time-gap

Event-based study (Signal)
dt =40 ns

IELETL TELETE T DREERRLE OO T PO 0
1 2 3

number of gaps per event STT

10?

10

Trade between event mixing and event “granulation”

/20

Entries

1 1 L
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Time-based Simulation

Digitization macro
@‘%ﬁ%ﬁ%ﬁ” TWO Buffers
} 7/77/77/A/cziov/r%%'—"—f//////’
( ‘J// \ -
‘ Digitization J— :M Time-based
e * generation of analogue signals
4 N\ « digitization of analogue signals
. * overlap possibility (TWO Buffers)
Mixed time sorting (Ring Sorters
source 9 (Ring )
* time-ordered stream
——
Signal
Event O from file O source->BGWindowWidthNo(2,1);
~— with time 252.3 _
Event 1: from file 1 source->SetEventMeanTime(500);

with time 728.6
Event 50: from file 0
with time 7854.7

source->SetBeamTime(1600, 400);



counts

Time-based Simulation

Time gap between two consecutive events

400

350

300

250

200

150

100

I]IIIl]ll[llllfl]lllllll[ T

50

TTTT

Entries 10001

0IIrIIIIII|IIIFIlIII|II

=

4500
time between events / ns

10000 anti-proton target interactions

with a mean time duration of events 500 ns.
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Time-gap event builder

algorithm
Ev1 Ev2 Ev3 Ev 4 Ev5 time
>
MVD 11118 LI
Jiik AT e < aons
dT < 100 ns

GEM | |11l LIE

AT Builder Macro

GetData(Detector, TimeGap, 40 ns)




Event-based

Time duration of event
Signal (STT)

Timestamp

Time = Ten -

Time-based

/24

Counts

Entries

Integral

Entries 1886

Integral 1886

(=]

il Lo r’H

Higher number of events due to
the event “granulation” effect

Time. ns
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Time duration of event
Signal (EMC)
IIIIIIII IR R il IIII
......................................... T|mestamp..............................
Time = T_ -T,
Event-based Time-based
i 10° =
Entries 998 = Entries 2542
10° = Integral 908 Integral 2542
; 1025‘
10:—
- 10
o ”%Mﬂﬂﬂhﬂﬂﬂﬂm 1%‘......rﬂhnm..nﬁnn.nn
0 500 1000 1500 Time, ﬁgoo 0 100 200 300 400 500 ﬁooTima, r;{;m

Same picture for EMC clusters
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AT Builder Macro Time difference for tracks

B and clusters

Cowetmd | After time-gap EB (dt = 40 ns)
Time-difference distribution between adjacent-in-time
tracksé&clusters
BarrelTrack

E 10“; Entries 6524 % Entries 20474

102 =) %

:

| | o

(=1

300 400 500 100 200 300 400 500
dT, ns dT, ns

[=]



Counts

10°

10

127

Time duration of track&cluster

events
After time-gap EB (dt = 40 ns)

BarrelTrack

Time, ns

Entries 1848

Timestamp
Time = T_, -
10° =
Entries 1668 E
10? -
10 5
1 =0
| L L L | L L L | L L L L - |
300 400 500 0

1 1 | | | 1 L | | 1
100 200 300 400 500 600
Time. ns



Correlatlon&PID macro

.

university of
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Barrel&FTS
GenTracks
MdtTracks

And Clusters

PndPid
Candidates

-
ro

/28
Time-gap EB for
clustersé&tracks
_ .. AT Builder Macro
* Correlated digi and cluster&track
timebunches have different entry numbers E Tiehmghes >E
" \ Tracks& &Clusters -_,,f-—:r-"’ -
, __—Digievent “asigning
« Each track or cluster keeps a number of the Cl“ﬁi‘;f;;ﬂ‘““ et 1 e
digi timebunch, from which it was created

igh o ) ’ Entry Digi Arrays: | Entry Track&Cluster Arrays:

g ,
rrc\"wdg\es .- ,
Cof\meb"" L ‘. MVD Srt. Hits —l/y Srt. Barrel Tracks
- S STT Srt. Hits Srt. EMC Clusters
.- K ﬁ@ GEM Srt. Hits /, Srt. Muon Tracks
o

MdtTracks

o C$s / Srt. FTS Tracks
. , ¢§° EMC Srt. Digis —
EmcClusters SRS MDT Srt. HJ_.tS
"""" i FTS Srt. Hits

]

4 Kalman filter macro

AT Builder Macro 2
Timebunches Barrel&
Barrel& FTS Correlated
FTS Tracks GenTracks Clusters&Tracks timebunches
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Offline analysis

T[+
> TU

W(2S) W
A

T

Event-based (Sum)

J/y mass (all)

160

140

120

100

80

60

40

20

Counts

5036 ‘ — Total
— Bkgr

‘ Entries

c,l.:}

0.5 1 15 2 25 3 35 4 a5
M _ . Eic?

inu?

140

120

100

80

60

40

20

129

J/psi mass(all) : Invariant mass
distribution for the J/psi candidates.
Only charge condition is applied.

Ev

sig

Total number = 2000

/ Ev=1

Time-based (Time-Gap)

J/y mass (all)

Entries

4923

=+

inv?

E!c";
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Offline analysis

J/y mass (all)

— Sum
— Time-Gap

ne]
=]
III|III|III|III|III|III|III|III|I

ﬂ
0 AN BN AN BN AR A A "ol i il W Soyin 50 LB o
0 0.5 1 1.5 2 25 3 35 4 4.5
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Offline analysis (VIRGO)
P _— " J/psi mass(all) : Invariant mass
) w(2s) ’ o distribution for the J/psi candidates.
L w Only charge condition is applied.
-
Ev, /Ev,=1/9
Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
J/y mass (all) Jiv mass (all)
n10% = (=
E | Entries 2410470 | — Total = | Entries 2400637 |
S ¢ — Signal -
B _ — Background B
10° = iy 0
10° = 102;
10;— 10;—
. i
10—10 \Iols\I\\‘ll\\l\115\\II2‘I\I\2[5\\\I3‘II\I3[5\I\\ 10710 \Io.lsl\Il4lll\1.‘slll\2‘ll\\2.|5\\II3|\III3.‘5\III4‘II\I4.|5I\\I5

M., E/c? M . E/c?

inv?



Counts
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10

10—1 I\‘I\IL‘
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Offllne analysis (VIRGO)

™ - J/psi mass(tight pid) : Invariant mass

p — ~distribution for the J/psi candidates when Pnd
w(2s) Ly M Candidate is muon with probability higher
¥ then 50%

L]

_”
Ev /Ev =1/9

sig

Total number = 1000000

Event-based (Sum) Time-based (Time-Gap)
J/y mass (tight pid) J/w mass (tight pid)

10°

— Total
— Signal
— Background

\ Entries 45715 \ Entries 44654

102

10

0 0.5 1 1.5 2 2.5 3 3.5

5107005 "1 45 T2 25 3 35 7 15 5
: ) ) ) )

M. EIc

inv?
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Offline analysis (VIRGO)
JAy mass (all) Jhy mass (tight pid)
a = 8 C
§ - — EB Sum §14ooj — EB Sum
810 — TBMixed | 8 l _taw
; 1200; 1| TB Mixed
10° = L
£ 1000 —
102 ;— 800 —
0_ 600 —
1 = B
% 400 —
| : : L
= 200_—
10—17Illll\\‘\\\\‘\lllll\\\|I\\\‘\\\\‘Illll\\\\‘\\\l - [ I [ R ... I
0.5 1 15 2 2.5 3 3.5 4 4.5 5 0 0.5 1 1.5 2 2.5 3.5 4 4.5 5
M, E/c® M,,,, E/c?

Discrepancy between EB and TB
simulation. How big is it?
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» 2400
t
3 2200
[&]
2000
1800
1600
1400
1200
1000
800
600
400
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Offline analysis (VIRGO)

Comparison by integration in the J/psi region

Jhy mass (all) J/y mass (tight pid)
- 1400 —
- Integral 57632 — 1B Mixed - Integral 29462
— — EB Sum ”ml 9 |
=5 -~ Integral 27485
= Integral 54570 1000 — J
= 800/
= 600/
- 400/
i 200/

M,,..E/c M., E/c®

This difference is caused by
granulation effect and event mixing
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Event Filtering

Two Mdt tracks with
iron distance > 40 cm

. - —— || ,,x;;!liilllll'll-l NS
0 _— VS == i

’ — . — ) ‘ ' = " IWI

EM Calorimeter

Kalman filter macro Event filter AT Builder Macro 2

Timebunches Barrel&

Passed Correlated
Barrel& FTS i i
FTS Tracks ~ GenTracks Timebunches Timebunches Clusters&Tracks timebunches
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Event Filtering
Event-based (Signal)

Data Comparison events&Tracks&Clusters Data Comparison Hits
= 0
'E = c 10°
- [ g E
8 F 8 E
10° = 10° =
L 10° £
10° -
10° £
10 10° =
100
1
1
- | —1
10 Events MDT Tracks Barrel tfracks EMC clusters FTS Tracks 10 MDT hits Barrel hits EMC hits FTS hits

Most events pass through the filter
(except the miss-reconstructed ones)
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Event Filtering
Event-based (Background)

Data Comparison events&Tracks&Clusters Data Comparison Hits
3 2 105 E
c B = =
3 a | = —
3 10 = . All data 3 C
- . Fi 10° =
— iltered data E
10° £ -
- 10° =
102 -
= 10% =
10 10l
1 1L
-1 —1
10 Events MDT Tracks Barrel tracks EMC clusters FTS Tracks 10 MDT hits Barrel hits EMC hits FTS hits

Suppression =~ 1000




Counts

o

50

40

30

20
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Event Filtering

Offline analysis

with online filtering

Event-based (Sum)

J/w mass (all)

IVIIII|IIII|IIII|IIII|IIII|I

Entries

1716

— Total
— Bkgr
— Signal

3.5

Counts

40

35

30

25

20

15

10

Time-based (Time-Gap)

Jiy mass (all)

/38

Entries

1431

i ElE?



university of
/ groningen

/39

Event Filtering (VIRGO)

Offline analysis
with online filtering

Event-based (Sum) Time-based (Time-Gap)
Jiy mass (all) Jhy mass (all)

/1]
t
310’ Entries 179899 —Total 10° Entries 169782
© B — Signal B
- — Background B
1025— 1025_
10E 10 =
1= 1=
10—1 II\IIlI\IIlI\II,ILI L 10—1 II|IIII|IIII|IIII|IIII|\I\I‘I\I\|\I\I|IIII|III\
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

M, E/c M, E/c?
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Offline analysis (VIRGO)
P _— " J/psi mass(all) : Invariant mass
) w(2s) ’ o distribution for the J/psi candidates.
L w Only charge condition is applied.
-
Ev, /Ev,=1/9
Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
J/y mass (all) Jiv mass (all)
n10% = (=
E | Entries 2410470 | — Total = | Entries 2400637 |
S ¢ — Signal -
B _ — Background B
10° = iy 0
10° = 102;
10;— 10;—
. i
10—10 \Iols\I\\‘ll\\l\115\\II2‘I\I\2[5\\\I3‘II\I3[5\I\\ 10710 \Io.lsl\Il4lll\1.‘slll\2‘ll\\2.|5\\II3|\III3.‘5\III4‘II\I4.|5I\\I5

M., E/c? M . E/c?

inv?
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Event Filtering (VIRGO)

Offline analysis
with online filtering

Event-based (Sum)

J/y mass (tight pid)

Entries 41860

Time-based (Time-Gap)

JIy mass (tight pid)

/41

10°

Entries 38783

0.5

1

1.5 2

25

3

3.5

4

45 5
M., E/c?

inv?
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10
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Offllne analysis (VIRGO)

™ - J/psi mass(tight pid) : Invariant mass

p — ~distribution for the J/psi candidates when Pnd
w(2s) Ly M Candidate is muon with probability higher
¥ then 50%

L]

_”
Ev /Ev =1/9

sig

Total number = 1000000

Event-based (Sum) Time-based (Time-Gap)
J/y mass (tight pid) J/w mass (tight pid)

10°

— Total
— Signal
— Background

\ Entries 45715 \ Entries 44654

102

10

0 0.5 1 1.5 2 2.5 3 3.5

5107005 "1 45 T2 25 3 35 7 15 5
: ) ) ) )

M. EIc

inv?
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Event Filtering (VIRGO)
Comparison
With and w/o online filtering
Event-based (Sum) Time-based (Time-Gap)
Jhy mass (tight pid) J/w mass (tight pid)
%1400:— -'é-“mmj_ — w/o filter
S0 Integral 29462 8" Integral 27485 — with filter
ool Integral 28379 "L Integral 25791
- 800
800 — B
600:_ 600/
400:_ 400
200?— 200;
23 B T X IR E— - e K SN Sa—
M, E/c? M, .Eic’

Slight suppression if PID is
required
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Event Filtering (VIRGO)

Comparison of EB and TB
with filter

J/w mass (tight pid)

1400 = Mixed with filter

Counts

Sum wio filter

Integral 25791

1200

1000

Integral 29462

800
600

400

200

| | | | | | | | |
g.& 29 3 31 32 33
M_ .E/c?

inw?

Further optimisation is still
needed!
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Summary

 Framework for event building and event filtering was developed in the

PandaRoot

* Performance of the framework was studied by comparing with event-

based simulation

* Further optimisation of framework parameters is required for better

performance

* Rest of the henchmark channels still has to be studied using this

framework
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Event Filtering
Results of the offline analysis
with online filtering (Signal)
No PID With PID
J/v mass (all) J/y mass (tight pid)
% 70 f — Wyo filter Entries 2619 % 35 ;_ —— Without filter Entries 380
§ Tk — With filter ® Wb — With filter
60 -
50§ k 252_
40§ 20 f—
sof 1{_
203 10 f—
10f 52—
°o: s s 2 25 as o a ey %05 15 2 25 35 445
M,,, E/c? M, .E/c

Slight suppression if PID is

required
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Counts

500

400

300

200

100

Time detector difference

time difference between the first digis MVD-STT

Entries 849
Mean -11.35
Std Dev 5.86

||||||J. 1 1 | | | 1 1 | L
%00  —150 —100 50

0 50 100 150 200
Time, ns

/48



s

Ea@ university of
;6._‘},) groningen
/49
time difference between the first digis EMC-MVD time difference between the first digis EMC-STT
o 160~ C
£ N L
g B Entries 1022 140— .
G 140 Mean 173.1 B Eatrles o
C L Mean 159
= Sitd Dev gy 120— Std Dev 14.62
120— -
100 :_ 100 —
80— 80—
60— 60—
40— 40—
20— 20 ;
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TimeGapEventBuilderTask
updated v 1.1

-I- PndGapEventBuilderTask:Exec 3

Branch MVDSortedPixelDigis has first digi time = 3095.07 length 51 and last digi time = 3120
Branch MVDSortedStripDigis has first digi time = 3094.53 length 22 and last digi time = 3115.03

Branch FTSSortedHit has first digi time = 3391.84 length 31 and last digi time = 3524.54
Min timestamp of the first digi: = 1305.56

Branches: SciTSortedHit is part of event with first digi = 1305.56 and last digi = 1305.56
Max timestamp of the last digi: = 1305.56

MVDSortedPixelDigis 3095.07 51
output array before 0 time 3095.07
output array after O

OK

MVDSortedStripDigis 3094.53 22
output array before 0 time 3094.53
output array after O

OK
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TimeGapEventBuilderTask
updated v 1.1

-I- PndGapEventBuilderTask:Exec 4

Branch MVDSortedPixelDigis has first digi time = 3095.07 length 51 and last digi time = 3120
Branch MVDSortedStripDigis has first digi time = 3094.53 length 22 and last digi time = 3115.03
Branch STTSortedHits has first digi time = 3107.21 length 123 and last digi time = 3340.78
Branch GEMSortedDigi has first digi time = 3103.33 length 8 and last digi time = 3103.33
Branch SciTSortedHit has first digi time = 3106.54 length 3 and last digi time = 3106.89

Branch EmcDigiSorted has first digi time = 3092.8 length 10 and last digi time = 3118.89
Branch MdtSortedHit has first digi time = 3112.57 length 23 and last digi time = 3116.15

Branch FTSSortedHit has first digi time = 3391.84 length 31 and last digi time = 3524.54

Min timestamp of the first digi: = 3092.8

Branches: MVDSortedPixelDigis is part of event with first digi = 3095.07 and last digi = 3120
Branches: MVDSortedStripDigis is part of event with first digi = 3094.53 and last digi = 3115.03
Branches: STTSortedHits is part of event with first digi = 3107.21 and last digi = 3340.78
Branches: GEMSortedDigi is part of event with first digi = 3103.33 and last digi = 3103.33
Branches: SciTSortedHit is part of event with first digi = 3106.54 and last digi = 3106.89
Branches: EmcDigiSorted is part of event with first digi = 3092.8 and last digi = 3118.89
Branches: MdtSortedHit is part of event with first digi = 3112.57 and last digi = 3116.15

MVDSortedPixelDigis 3380 11
output array before 51 time 3380
output array after 51
MVDSortedStripDigis 3382.88 11
output array before 22 time 3382.88
output array after 22
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Time-Gap Algorithm
updated v 1.0
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time

MVD

T

STT

i

GEM

i mn

0

GetData(Detector, TimeGap, 40 ns)

dt < 40ns
dT < 100 ns

AT Builder Macro




TimeGap Algorithm
updated v 1.1

/58

wo | {iif i iy 47

stt | AN 11T N1

GEM | I Il ] il N I1E

dt < 40ns
dT < 100 ns

GetData(Detector, TimeGap, 40 ns)

AT Builder Macro




TimeGapEventBuilderTask
updated v 1.1
Evl Ev?2 Ev 4 Ev 5 Ev 6 time
>

wo | {lIE e i
st | g Jile I

dt < 40
Gem | Ikl ﬂ) L1 0 ILE 4T < 100 ns

GetData(Detector, TimeGap, 40 ns)
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TimeGapEventBuilderTask
updated v 1.0
Evli Ev2 Ev 4 Ev5 Ev 6 time
>

wo ] i i
st ] AT TR N[

dt < 40ns
GEM | Al Il LI LIE dT < 100 ns

------ AT Builder Macro

GetData(Detector, TimeGap, 40 ns)
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Time duration of event

Background (STT)

STT
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Entries 849
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Time duration of event
After time-gap EB (dt=20 ns)

STT

Counts

Entries 3263

Integral 3263
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