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M
otivation

•
D

eterm
ine the operation param

eters of the detector
•

R
ates, energy deposition, radiation dose, ...

•
O

ptim
ize the detector layout

•
W

here to put w
hich detector

•
D

evelop the reconstruction algorithm
s

•
D

evelop the analysis tools and strategies

•
D

eterm
ine the perform

ance of the PAN
D

A detector

•
R

econstruct the raw
 data

•
Perform

e physics analysis

•
Sim

ulation of the expected event signaturesSeite 2
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c
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Boost

Network
(ZeroMQ, nanomsg, 

OFI libfabric)

CMake

Simulation 

Engines

VGM

. . .

Serialization
(Protocol Buffers, msgpack, 

FlatBuffers, ROOT)

ROOT

Google 

Test

S
o
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R

o
o

t
A

s
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E
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FairR
oot

FairM
Q

M
essage Q

ueue (FairM
Q

)
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PA
N
D
A
R
O
O
T



Sim
ulation Stages

Event
G

eneration
Propagation

D
igitization

Local R
eco

G
lobal R

eco
Event

B
uilding

A
nalysis

Experim
ent

R
aw

 D
ata
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Event G
eneration

•
M

any different event generators available
•

EvtG
en:

•
Sim

ulation of dedicated physics channels
•

C
an be extended by individual decay

m
odels

•
D

ual-Parton-M
odel (D

PM
):

•
Background generator for anti-proton –

proton interactions
•

U
rQ

M
D

:
•

Background generator for anti-proton –
nucleus interactions

•
FTF generator:
•

N
ew

 developm
ent of a com

bined background generator used also in G
eant4

•
Box generator:
•

Particle gun

Seite 8



Particle Propagator

•
U

sage of Virtual M
onte C

arlo allow
s seam

less change of propagation engine

•
Available:
•

G
eant3

•
G

eant4
•

(Fluka)

•
Sam

e geom
etry description in propagation and reconstruction of events by using the sam

e 
geom

etry engine from
 root
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G
eom

etry description
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G
eom

etry description

M
agnets

M
V

D

S
TT

G
E

M

D
IR

C
 + S

ciTil

E
M

C
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G
eom

etry description

M
agnets

M
V

D

S
TT

G
E

M

D
IR

C
 + S

ciTil

E
M

C
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D
igitization

•
Translates ideal detector data into realistic data 
stream
•

3D
 space points into channel num

ber
•

D
eposited energy into AD

C
 values

•
Adding noise and inefficiencies

•
C

harge sharing betw
een neighboring detector elem

ents
•

D
ead tim

es and electronics properties

•
D

ata should look like as com
ing from

 the final 
experim

ent

Sim
ulated EM

C
 w

aveform

Avalanche Sim
ulation

in M
D

T
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R
econstruction -I

•
Local reconstruction for each sub-detector
•

Translation from
 detector data into physical param

eters (from
 channel num

ber to space point, 
AD

C
 to energy)

•
C

alibration
•

C
luster form

ation
•

R
econstruction algorithm

s

•
Various different algorithm

s im
plem

ented for each sub-detectors
•

C
om

pared w
ith test beam

 data
•

PandaR
ootused to reconstruct test beam

 dataSeite 14



R
econstruction -II

•
G

lobal reconstruction
•

C
om

bining different sub-detectors
•

Tracking
•

PID
•

Event building
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Tracking



Tracking
Event Sim

ulation
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Tracking
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STT
•

~ 4200 straw
s

•
D

ense packaging
•

Isochrones (2D
)

•
U

p to 250 ns drift tim
e

•
< 150 µm

 resolution
•

N
o start tim

e
è

4D
 tracking needed

Sim
ulated Events

19

Tim
e series of M

VD
 and STT detector signals in PAN

D
A (view

 along beam
 axis)

M
VD

•
4 barrel layers

•
6 disks

•
3D

 space points
•

< 30 µm
 point resolution

•
< 10 ns tim

e resolution

risochr

Straw
 Tube

STT
M

VD



Tracking Procedure

•
Full track reconstruction happens in various steps:

1.
G

roup the hits w
hich belong to the sam

e 
track

2.
Fast evaluation of the track param

eters

3.
Precise fitting of the track param

eters

4.
Propagate track param

eters to the point 
w

here they are needed

pattern recognition / 
track finding

pre-fit

Kalm
an

fit

propagation / 
extrapolation
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O
ffline B

arrel Tracking

1.
Localpattern

recognition
in STT and

M
VD

2.
C

orrelation
ofSTT and

M
VD

 tracklets

3.
Extrapolation to

G
EM

4.
Kalm

an Filter

M
VD

STT
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Forw
ard TrackingC

ellularAutom
aton

1.
Build

shorttrack
segm

ents
2.

C
onnect according

to
track

m
odel

3.
C

ollectsegm
ents

into
track

candidates
4.

Select besttrack
candidates

C
ellularA

utom
aton

97 %
 track

finding
efficiency
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P
refit Track

K
alm

an
F

ilter
(G

E
N

F
IT

)
D

etector H
its

Track F
ollow

er
(G

E
A

N
E

)

sam
e geom

etry for sim
ulation and track follow

ing

E
nergy loss

N
ot hom

ogeneous m
agnetic field

D
ifferent detector hits

Ø
planar hits

–
M

V
D

/G
E

M
Ø

tube + drifttim
e –

S
T

T
/F

T
S

barrel
forw

ard

Tracking: G
lobal Fit

S
eite 23



Tracking -offline
•

Track finding and fitting w
orking in C

entral and Forw
ard S

pectrom
eter

•
K

alm
an

filter used as second stage developed by TU
M

 (G
enFit1 + 2)

•
E

fficiency above 90 %
 (for beam

 above 3 G
eV

/c)

•
M

om
entum

 resolution betw
een 1%

 and 5%
 depending on m

om
entum

For p(pbar) < 3 G
eV

/c
B

 = 1T 
p resolution doubles

low
 p efficiency increases

S
eite 24



Tracking -online
•

Find and fit tracks w
ith the production speed at Panda up to 20 M

H
z

•
Alternative hardw

are:
•

FPG
A:

•
H

elix tracking algorithm

•
G

PG
PU

:
•

C
ellular autom

aton
•

H
ough transform

ation
•

Triplet finder
•

R
iem

ann transform
ation

•
D

irect sw
itch in PandaR

ootbetw
een C

PU
 and G

PU

W
ork in progress
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough

Seite 32



O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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O
nline Track Finding

C
ircle H

ough
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D
PM

 Exam
ple 2

Seite 37



D
PM

 Exam
ple 2
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D
PM

 Exam
ple 2
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D
PM

 Exam
ple 2
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Particle
Identification



G
eom

etry description

M
VD

dE/dx

STT
dE/dx D

IR
C

C
herenkov

SciTil
TO

F

EM
C

Show
erShape

M
uon

#layers, 
#hits

R
IC

H
C

herenkov
FTO

F
TO

F
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EM
C

M
VD

STT

D
IR

C
D

ISC

M
D

T

Im
plem

ented
PD

Fs
for m

any
detectors (Bayes)

Particle Identification
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•
Ifm

any
detectors/alogirhtm

s
contribute

to
PID

•
Probability

thata given
track

w
ith

param
eters

x
corresponds

to
particle

type h

k = M
VD

 dE/dx, D
R

C
 q

C …
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)
Õ =
k

k
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x
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h
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L
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p
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,
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(

)
|

(
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(
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|
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!
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!

PID
B
ayes

Theorem
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M
achine

Learning for
PID

ArtifitialN
euralN

etw
ork

Boosted
D

ecision
Tree

W
ork in progress
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Tim
e-B

ased
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ulation



Tim
e-B

ased Sim
ulation

•
Signal and background-events very 
sim

ilar è
no hardw

are trigger 
possible

•
Q

uasi continuous beam
 w

ith 
m

axim
um

 interaction rate of 20 M
H

z 
è

Poisson distribution

•
R

aw
 data rate of 200 G

Byte/s

•
R

eduction of 1000 needed for 
perm

anent storage O
(PByte/year) 

è
O

nline Event Filte
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Tim
e-B

ased Sim
ulation

Single Event
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Tim
e-B

ased Sim
ulation

20 M
H

z overlap
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M
VD

STT

Event 1
Event 2

Event 3

Activities on the central tracker M
VD

 + STT + G
EM

 + SciTil+ EM
C

EM
C

Tim
e-B

ased R
econstruction

W
ork in progress
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Panda A
nalysis



A
nalysis Tools

R
econstruction

Vertex Fit

PndAnalysis

Kinem
atic Fit

D
ecayTree

Fit

Q
A Tools

PW
A
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R
ho

A
nalysis Tools

R
econstruction

Vertex Fit

PndAnalysis

Kinem
atic Fit

D
ecayTree

Fit

Q
A Tools

PW
A
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A
nalysis Fram

ew
ork

•
R

ho
•

S
m

all fram
ew

ork
to

handle particle
candidates

•
C

om
binatorics, lists

and
selectors

•
S

m
art n-tuple: RhoTuple

•
PndAnalysis
•

P
roviding R

ho
w

ith
reconstructed

data
and

basic
particle

lists
•

P
ID

 selections
on P

ndP
idP

robability
•

P
ropagation interface

to
G

E
A

N
E

•
M

C
-Truth

access
&

 decay
chain

M
C

-M
atching

R
ho

and
PndA

nalysis

S
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A
nalysis Tools

•
Vertexing
•

PO
C

A finder
•

R
hoKalm

anVtxFitter: fast
•

R
hoKinVtxFitter: precise

Particle
Fitters

Seite 55

•
Kinem

atic
Fits

•
R

ho4C
Fits

•
R

hoKinFitter: à
M

ass, 4C
 (P3, E)

•
Tree

Fits
•

Iterative m
echanism

•
D

ecayTreeFitterfits
com

plete
decay

tree
at once



A
nalysis Fram

ew
ork

•
Q

aTools
•

Em
ploys

sm
art n-tuples

(R
hoTuple) as

roottrees
•

M
any

autom
ated

functions
to

fillthem
(p4, daughters, m

c, pid, ...)
•

C
om

m
on nom

enclature
forfast com

m
and

line
analysis

•
Q

uickAnalysis
•

Autom
ated

scripts
to

getlarge n-tuples
by

a few
settings

for:
com

binatorics, fits
and

selections
•

U
sually

enough
to

m
ake

all desired
plots!

•
FastSim

im
plem

entation
allow

s
results

from
one

m
acro

Supporting
Tools
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A
nalysis exam

ple

•
R

ho package
•

C
om

bine hits
•

Fit w
ith constraints

•
Apply cuts
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Sum
m
ary

•
R

oot and FairR
ootare the basis for PandaR

oot

•
Transition to M

essage Q
ueues allow

s very flexible online data taking system

•
D

ifferent event generators and particle propagators available to sim
ulate the physics 

channels and background of interest for PAN
D

A

•
All detectors im

plem
ented in PandaR

ootw
ith varying level of detail

•
Tracking available but needs m

ore optim
ization for the online part

•
Tim

e based sim
ulation im

plem
ented to sim

ulate the difficult event building and –selecting 
process at Panda
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