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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
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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

a)pp — J/Y(— pt T )T T T anEE =8B8ZTBYY.

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

2 pp — ete w0 (— ~7) atE_x=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.



Benchmark channels for the DAQ
Previous studies

Framework: Geant3, FairRoot v.17.10b and FairSoft
octl/pl;
Data sample: 10°signal events (EvtGen); 10°

background events (DPM)
Fully event-based

Smearing procedure is applied to tracks and

clusters
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Benchmark channels for the DAQ
Previous studies
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Motivation

Repeat these studies for each benchmark
channel in the new framework, which will be
more realistic and will correspond to the

future DAQ system.
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Simulation workflow

X2 Sim Intelligent Intelligent Burst-building network with data reconstruction,
front-end front-end pre-processing filtering
(Front-end)  (Data Concentrators) (Burst building) (Compute nodes)

‘ Reaction parameters

Number,| Energy,

inp-out {m'tirfﬁ’s

MC Simulation
(Gen + Geant 4)

MCTracks, FairPoints,

FairHits
- "
Correlation&PID
Barrel&FTS  ppapig ° Single Clock-source
Genl :"”"k"" Candidates for Complete detector
MdtTracks
And Clusters )
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Monte Carlo information

2sim (local machine)

‘ Reaction parameters ‘
h A

Number) Energy,
inp-out particles

v Two files were generated for each benchmark channel:

MC Simulation
(Gen + Geant 4)

MCTracks, FairPoints,
FairHits

1. SIGNAL - 1000 events at the channel’s P, .. momentum from EvtGen.

2. BACKGROUND - 2000 events at the channel’s P, _...momentum from FTF

generator:

/9

(all possible inelastic reactions, respecting cross-section)

Qi
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Monte Carlo information

X2 Sim \ (VIRGO)

‘ Reaction parameters ‘
h A

Number) Energy,
inp-out particles

v Two files were generated for each benchmark channel:

MC Simulation
(Gen + Geant 4)
"~ MCTracks, FairPoinss,

1. SIGNAL - 10° events at the channel’s P, ___momentum from EvtGen.

2. BACKGROUND - 10°f events at the channel’s P,....momentum from FTF

generator:

(all possible inelastic reactions, respecting cross-section)

Qi
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Digitization

Digitization macro Digitization macro
I nalog generatior% f nalo g genera[io ‘ Charge or Wa ve[urm’{f )
":X Tasks ) ’-A Tasks &Noise simulation | TWO Buffers

h vy — J
l ActiveTme——
— 7____,___,_-——*-":"'_BrdBr
I - Y ‘,_-.- p .
e B . PndDigis .
Digitization Digitization |~ = FgETime) RingSorters
~ - . J

. v

Entry with Sorted Digis

Event-based Time-based
generation of analogue signals * generation of analogue signals
digitization of analogue signals * digitization of analogue signals

* no overlap possibility e overlap possibility (TWO Buffers)
* no time sorting * time sorting (Ring Sorters)

e jsolated events * time-ordered stream
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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
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with a mean time duration of events 500 ns.




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.
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Event-based studies

STTHit.fTimeStamp

Counts
)]

Entries 26

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

lIIII]I|II]|III]II[T]II[I]I|II]|IIIIIII|I

| il

50 100 150 200 250
STTHit.fTimeStamp [ns]

DD



EE university of
(J;’i groningen

Event-based studies

nbr time diff
B2 -
c ~ STTHit
3 1000 events Entries 96733
O 4 Mean 2.494
10 E_ Std Dev 557
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Event-based studies

Cumulative integral

x
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10
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Event-based studies

- ®
— Jpp_ee/
B Jpp_piDee/
— Jpp_Jpsi2pi_Jpsi_ee/
— Jpp_dJpsi2pi_Jpsi_mumu/ Entries 9
Jpp_LLbar/
— ®
- .
— [
B e
- . .l
[

“ °
— ]
= 8
— e
&
o

]
- L
C | | | | | I |
MVD Pixel  MVD Strip Stt Hit Gem Hit Drc Hit SciT Hit Emc Hit Mt Hit

Detector
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Event-based studies




/20

Event-based studies
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Event-based studies

- | —®— Jepee Entries g
— | —&— J/pp_piDes/
— | —»— Jpp_Jpsi2pi_Jpsi_ee/
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Detector
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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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Time-gap event builder

algorithm

1l
~{lil
GEM | |||||

GetData(Detector, TimeGap, At ns)

dT < 40 ns
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X2 Sim macro

( Reaction parameters J
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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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Offline analysis
| . - 0.1 GeV mass cut for
P the J/psi candidates is applied
w(25) o P PP
Z ¢ — . Ev. :Ev.=1:9
8] sig b
Total number = 1000000
Event-based (Sum)
pbp invariant mass
§ 1600 [Entries 46580
© - = Total
1400_— —Signal
- —FTF
1200
1000;
800
600~
400[—
2001
03_ 3.5llllfllllll4!5lllléll 5.5

6
M, [GeV/c?]
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Offline analysis
" e 0.1 GeV mass cut for
g w(2S) o the J/psi candidates is applied
< M o Evg,:Ev,=1:9

Total number = 1000000
Time-based (Time-Gap)
pbp invariant mass

1600
EB |Entries 46580

counts

1400

TB | Entries 50192

1200

1000

800

600

400

200

J 1 ] 1 1 I 1 1 1 I I 1 1 1 1 l 1 1 1 ] | 1 1 1 |

35 4 4.5 5 55 6
M, [GeV/c?]

v

w2
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GEM Detectors Shashlyk Calorimeter
Forward Tracking System
Muon Range System
Solenoid “-‘ L
Barrel TOF Ti\ ' ‘.. > f
oo : llllll |
///,/’/ N Micro Vertex Detector = |F II ‘ \’ “ liL = ,‘l
p _— —= > EX IW
w2s) ) R T //
Y - J/LIJ __,:,__7_7_ Beampipe il | " ‘ll-l ,,”‘ "-"I"‘ o
@ Barrel DIRC II
el o\ S N WA Forwar d RICH
- Endecap Disc DIRC
EM Calorimeter :
Kalman filter macro Event filter AT Builder Macro 2
Timebunches Barrel& Passed Correlated
Barrel& FTS i .
FTS Tracks  GenTracks Timebunches Timebunches Clusters&Tracks timebunches

Two Mdt tracks with
iron distance > 40 cm
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Offline analysis (Filter)

0.1 GeV mass cut for

v - the J/psi candidates is applied
i w2s) — @ Ev_:Ev.=1:9
Jo) > ] / W Sig b
@ Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
% 1 02;_ Entries 13104 g 102;_ Entries 12950
105— 10;—
= 1;—
10'15— 104;
_2_ N A | N I B B N -
103 35 4 4.5 5 5.5 6 1072 et L E— E— E— L -
Minv [GeVic?Y] 3.5 4 4.5 5 5.5 6

M, [GeV/c?]
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Offline analysis

7 M . 0.1 GeV mass cut for

the J/psi candidates is applied

Evsig: Evb =1:9
Total number = 1000000

Event-based (Sum)

pbp invariant mass
400

counts

Entries 26170
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Offline analysis
m - 0.1 GeV mass cut for
P _ _ _ _
w2s) e the J/psi candidates is applied
- v > o Ev_:Ev.=1:9
e sig b

Total number = 1000000
Time-based (Time-Gap)

pbp invariant mass

400

counts

EB |Entries 26170
350

TB | Entries 26984
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E t I ] It l
> Tt i Targetsystem
" - TC ‘I T straw Tube Tracker
P ||‘ - GEM Detectors Shashlyk Calorimeter
— Forward Tracking System
e o ol Muon Range System
— " Solenoid |
|
e | LMD
Barrel TOF | , o
[ ——
Micro Vertex Detector_ |'I ‘-‘Q’
Enwies 13187
i |
Beampipe | 1l P
Barrel DIRC _ | | TOF Wall
I —— ——— i
} Forward RICH
Endcap Disc DIRC Dipole

) - Muon Detection
EM Calorimeter

.8 1 1.2 1.4
Eenc/P [€]
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Event Filtering
11
- ™ o
ye) _— / _—— GEM.-IWDetectors Shashlyk Calorimeter
ﬁ w2s) g — e | Forward Tracking System o
- o N Solenoid 3
o 1 ll"l'l _
— 2 i - . —'_
6 ey [T
E | Entries 12658 lu]“l\“‘—[ ,.',-s'e‘-'
1 lllllll!lmr
E Entries 3489 _ ‘ TOF Wall
B ] A Endcap Disc DIRC o
10° = EM Calorimeter :
10;— :
! “
i | M‘ TVector3(x, y, z) ====p Theta angle
2 DU o (1T B AP
0.5 1

(=]

1.5 2
Energyx6 [GeV*rad.]
o |raq.]

Polar angle correlation with
energy of cluster
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Offline analysis (Filter)

P |
o 0.1 GeV mass cut for
P the J/psi candidates is applied
w(2s) — € g PP
P My
— Ev, :Ev,=1:9
Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
= Entries 3602 % 0°E Entries 4006
= 10
= e
= 0t
_. P IR S NN RRY! | ES TS SR NS SR ST S N SR S 10—2_lll||||I|IIIIIIIII|IIII|IIII
3 3.5 4 4.5 5 55 6 3 3.5 4 4.5 5 55

6
M, [GeV/c’] M, [GeV/c?]
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Offline analysis

P — €
) Evsig. Ev,=1:9
g M Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
2 pbp->ce E [Entries 1511783 |
Entries 1511783 ©
i et o | Entries 1527146 |
= — Signal =
C —FTF C
10° 10°
10° & 10°
10 10 =

o
[av]
-
o
58]
w
i
4]

5 6 6
M, [GeV/c?] M, [GeV/c?]
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Offline analysis (Filter)

P . € Evsig: Ev,=1:9
o s gt Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
3 Entries 28084 é Entries 28084
10 10
Entries 28545
10 10
15— 1
107 107
10_20 1 2 3 - 4' 6 10—20 1 1 1 1 ‘: 1 1 1 1 2] 1 Il 1 1 3' 1 1 1 6
M.,[GeV/c’] M, [GeV/c?]
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Offline analysis

TIO
P —7 €
) Evsig. Ev,=1:9
L C et Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
el [Entries 7442817 | ST [ Entries 7442817 |
8 10 £ S 10° = [ Entries 7869864 |
10° E L
E 10* E
10° E E
10° 10° 5
10 E
L 1 1 1 | 1 1 1 ] 1 1 1 1 I 1 1 1 1 | 1 | 1 1
0 1 2 3 4 0 1 2 3 4

5 6
M, [GeV/c?]

iy

5 6
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Offline analysis (Filter)

nO
p > e
Evsig: Evb =1:9
P > et Total number = 1000000
Event-based (Sum) Time-based (Time-Gap)
pbp invariant mass pbp invariant mass
: Entries 17496 : Entries 17496
I — Entries 28152
10? = 10? =
10 (=
10 =
L ik
H | ol
o 1 2 3 4 5 0 1 2

6 6
M, [GeV/c?] M, [GeV/c?]
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Offline analysis

A o 0.1 GeV mass cut for

> / the Lambda candidates is applied
P \ Ev, Ev,=1:9

AO/ ™
—— D Total number = 1000000

Event-based (Sum)

Lambda->p+pi- invariant mass pbp invariant mass
£ 10 , g
§ E Entries 226904 é o Entries 134925
C - Total = y
= — Signal -
L —FTF B
10° = 10% =
L 10
10° = - |
- - I (I
: 1=
N A z | |||
1 1.05 1.1 115 T2 3 22 24 26 28 3

1,25 . . } : 3.4
M, [GeV/c] M, [GOV/c)
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Offline analysis

A
T Ut
£ / Ev,:Ev,=1:9

Total number = 1000000

Time-based (Time-Gap)

-

Lambda->p+pi- invariant mass pbp invariant mass
o

= - 5 B
- | Entries 226904 | 8 ot Entries 134925
f— '-1 E
i | Entries 229079 | - Entries 139885
- 10°
- 10 |
i 1=

P o b o e L :llllllllllllllllI|IlJ|IIl|J

1.05 1.1 1.15 1.2 1.25 2 2.2 2.4 2.6 2.8 3 3.2 34

M, [GeV/c?] M, [GeV/c’]
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Filtering strategy (Monte Carlo)

Theta angle of proton

2] b=
g - Entries 1000
S 120~ Mean  0.2954
C StdDev 0.1143
100}—
80—
60— f_
Fox Wolfram
‘(.2 =
c
3 100— Entries 1000
2 n
- Mean 0.3263
B Std Dev  0.03666
80_ |IIII|II\I|IIII|I\II
L 1 15 2 25 3
L Ofrad.]
angle difference L of lambda
P 60—
S 30— i .
8 r - Entries 968
r - Mean 0.2797
25— 40— StdDev 0.08745
20| -
B 20—
15— -
: O Ll 1 1 J L1 | 1 !-|I 1 I L1 | | =0 1l l L1 | | L1 1 | l L1l | L1 1 | | L1 1
10F- 0 0.1 0.2 0.3 0.4 05 0.6 07 08 0.9 1
C 40
o H
C 20
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Filtering strategy (Reconstr.)

/P

‘““"-~a-.1[+

\ ’_,_,n-

T p

Fox Wolfram

TTT

counts

T

Entries 1000

10°

Entries 1000

T I\IIH]

10

IIIIII}

0.4 0.2 0 02 0.4 0.6 038 1

counts

counts

Theta angle of proton

140

Entries 2825
120

100

Entries 2179

80

60

40

20

I\I[IlIIIIII\I[II]I‘III|II1I]I

23 05 0 05 15 25

Energy loss for STT

220

200F )

Entries 2869
1805
160
1408~ Entries 2076
120

100

3
Brad.]

45 50
dE/dX[a.u.]
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Offline analysis(Filter)

A
T Ut
£ / Ev,:Ev,=1:9

o _ Total number = 1000000

Event-based (Sum)

Lambda->p+pi- invariant mass pbp invariant mass

Entries 3872

counts
counts

160 Entries 4088

T T TTTTT

140

2
120 10

100

10

=2}
o

s
=

T IIIIIII|

[a~]
o

[o2]
o
_‘III|I1I|III|III|IIIII]I|III|II[]II]

—

h IIH|

el — ol L1 TR I | B T . AN
1.2 1.25 2.2 2.4 26 28 3 3.2 3.4
M, [GeV/c?] M, [GeV/c?]
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Offline analysis(Filter)

A
T Ut
£ / Ev,:Ev,=1:9

I - Total number = 1000000
AO/
\ p
Time-based (Time-Gap)
Lambda->p+pi- invariant mass pbp invariant mass

300 £ =

- 3 : |Entries 4088‘
250 Entries 3872 i [Entries  6161]
200:— Entries 5367 10° g_
150 — I
100 10
50— -

: | T R S S 1IIIIIIIJIIlIIII__I__l

1 1.05 1.2 1.25 2 2.2 24 26 2.8 3 3.2 3.4

M, [GeV/c?] M, [GeV/c]
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In progress...
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Event type definition for
PndCandidates (MC Truth)

PndDetHit mm==)p> FairLinks === Fileld

Fileld = 1, file with signal events

Fileld = 0, file with background events

2T o > Fileld,,,
EvIype = N‘f]@fv T, = Dw

det
det N hits
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Framework performance
s Tt
_— - = TU
P
w(2s) — Uy Ev. :Ev.=1:1
o I VST sig b
> g Total number = 2000
Online filtering is used
2kHz 2MHz
pbp invariant mass pbp invariant mass
« 80F 80¢
é m C Entries 162
G 70— Background 70—
- Total | |Enties 12 -
BU:— Signal 60:—
C Mix -
50— 50—
4uf— a0l
303— 305—
200 20
mf— 103—
O 1 2 3 4 5 6 0y 6

M, [GeV/c?]
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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

* All the benchmark channels can be detected using the proposed

framework

* There are discrepancies present due to the mixing and clipping effects
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Offline analysis (Filter)
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Offline analysis (Filter)
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Offline analysis (Filter)
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Offline analysis(Filter)
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