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Motivation

. Finding helix shaped tracks in beam
direction

. Design an algorithm as online trigger for
PANDA

. Portability to FPGA

. Reducing calculation time on FPGA by
parallelization

. Problem:
Complex definition of a helix

. Ansatz:
Employ transformations to simplify
calculations
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PANDA Experiment

- Fixed target experiment at the futu Facility for Antiproton and lon
Research (FAIR) at GSI

 Magnetic field in target region parallel to beam direction

- Used data from inner detectors



JUSTUS-LIEBIG- ﬂi I Ejurﬁaﬂfﬂi;ismrium
UNIVERSITAT und Forschung
ﬁ GIESSEN

FARR ( panda

Helmholtz International Center

Central Detectors

Used for the Simulation with PandaRoot: —— E—

« Micro Vertex Detector (MVD) il

Ly /
« 5 cylindrical layers of 1-6 cm radius I
Y st . E—— |i"l - — -ul,;;%
- Inner 3 layer as silicon pixel detector — ——— A | T
. Outer 2 layer as silicon strip detector ""____' = |l gt f 4y
- 5 discs in forward direction e a1 ]

4 o i
| A A .

. Straw Tube Tracker (STT)

- Hexagonal structure
- Straws in beam direction
« |5 double layers

Not used for the Simulation:
- Time Projection Chamber (TPC)

. Optional instead of STT
- Not suitable for online helix tracking
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Particles in magnetic Field

* Perpendicular to magnetic field _d .
circle shaped | |

* Helix shaped tracks

* Momentum in eV:

N0.3~R-B
L cos
Rinmand BinT

* Difficult for online tracking
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Conformal Transformation

» Used for projection perpendicular to
beam direction

* Finding straight lines is less complex
than circles

* Transform circles to straight lines

m,ﬁﬂ?—ﬂjg yr_y_y[)
2 2

r® = (x — z0)° + (y — w0)°

* Vertex constrained
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Conformal Transformation

grid in real space grid transformed to conformal space
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Conformal Transformation

y |cm] Real Space y' [em™!] Conformal Space
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reference point in vertex
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Conformal Transformation

y |cm)| Real Space y" [em™!] Conformal Space
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reference point on hitpoint outside of vertex
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Hough Transformation

Yy’ [gm—l] Conformal Space
0.6
* In general: use a function which describes the  *|
pattern searched pattern in a point set i .
. AR
(e.g.: lines, circles ...) | "~
—0.2f
- Here: describing lines withr and? 4
Mg <04 <02 b 0x 0 e
- Calculate for all angles the needed rto get 0
a line through the point
r=x-cos?Y+y-sinv :
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Hough Transformation

input image Hough space

VA e
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» Fill the histogram with data from the
calculation

FAR (| pand

Helmholtz International Center '

~ Parameter Space

* Peaks in the histogram represent possible
line candidates in conformal space

» Calculating back to real space

* Information about direction got lost during TE _

this process )

~10 ‘

* Parameter for beam direction with different 20 |
Hough transformation ~30

—42 030 20 =10 0 10 20 30 40
z [cm)]
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Momentum Resolution

counts L GeV counts 3 GeV
i [} 110 F [} 110
r Entries 4844 r Entries 5221
120 ean 0.9984 - ¥eon 2.904
F ] 01854 r TS 08705
¥/ndi?B6.3 [/ 287 50 B /ndf558.8 [/ 580
L 4 1.005+ D.3R58E—-D3 r 1 3071 £ D.5011E-02
10” L s 5486 £ 04028 r P2 2106+ O.8482E—01
| 3 $1.99 + 2.308 - 3 2073+ 0.7621
| L 0.1748 £ 0.1085E—01 r P4 2154+ 0.1805
5 0.2507E—01 + 0.5065E—03 40+ s 0.2226 + 0.4265E—02
80+ I V
- i |
30f i
60[ _ | M
I 20 B
40} [
I I |
20} 10+ I
[ - .
[ i il |
D S 0 (LT RYR AN TE YT u fie Hlllll'h]']'h U ”"l'l S . O s 1 i
0 025 05 0.75 1 1.25 1.5 1.756 2 0 1 2 3 4 5 4]
p [GeV/c] p [GeV/c]

* Simulation with |0 monoenergetic tracks per event
(generated with PandaRoot)

» Tested range 0.3 - 5.0 GeV/c

 Only center peak considered to calculate efficiency

| /4
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Momentum Resolution

o [GeV/c] Momentum Resolution

&/ BT308E—C1 77
P1 0.4146 +

0.6 _ o/p %] Momentum Resolution
I 3 =
0.5}
+ L
0.4 - * *
. _ 2 = : S
0'3 i | 3 >
L 4 1
; 1 .
0.2}
i & Cenfit
01 I D . . . . . | | . | llhletrack
N 0 1 2 3 4 5
3 p [GeV/c]
U'UD' e o )
2 p [GeV/c] Stefano Spataro

 With online algorithm between 3% (|1 GeV/c) and 14% (5 GeV/c)

* With offline analysis framework (PandaRoot)
between 1% (I GeV/c) and 3% (5 GeV)
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o [GeV/c] Efficiency
E °
ff C C N
I I e n y - flfr HHHHHH Elfr T
AD 06971+ .6418
r 29 —0.4858E—-01 £+ . 1 B8O
1.0

0.8}

Linear decreasing for Momentum over | GeV/c

oo : M
With online algorithm between 04f

61% (I GeV/c) and 43% (5 GeV/c)

— further work required

= c
=
T
3

.1 L L L -5_..
* With PandaRoot between p [GeV/d
90% (1 GeV/c) and 85% (5 GeV) o/p Efficiency
o | S BN W
* Efficiency loss for momentum smaller | GeV/c -
60 ——
* 46% at 0.3 GeV/c (online algorithm) 40 1-*
20 +*
» 20% at 0.3 GeV/c (PandaRoot) i m et
o 1 2 3 4 5
p |GeV/c|

Stefano Spataro
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Simulated }/ LIJ-decays

* J/W-decay modes from PDG counts
100 :-Z[:ﬂrles 501;22
=g 2482
RWS 1.187
 Assume all tracks are muons | g 7 ms
Su pa —0.5980 + O.6416E-02
PR3 Fhadn 4 7200
] P4 J.044 £ D 13829E—01
. PS5 04288 + Q.2054E—01

* Analyzing the invariant mass for JU*U'-decays
60

» Calculated J/W-mass approx. 3.1 GeV/c? -
40

- Efficiency approx. 37%

— further work required

= “h‘t‘h 1
2'] " ‘L’., I |
i i d|

1
L i
WY

2 3 4 5 _ 6 .
invariant mass (") [GeV/c]

* no seperation of U4 and e”e -decays
possible
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MVD Data Only

Y

R Pt .ff.- HE*.

Y 4 \ )

o |4 4 2 %'

- = . T N,
2\ XN
/ \ g
: "ht. ___.an : .'II.I.'-.I
I I

* Motivation: Possible central detector with TPC instead of STT
* Less hits per track than hits per detector layer

» Detector geometry identified as tracks
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- Efficiency loss with rising track number

» Peaks in Hough space which represent real tracks too small to detect
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Summary and Outlook

Summary

- Simplification of complex helix tracking by transformation

- Tracking efficiency of 43%-61%

efficiency too low, further work required
- Algorithm with high potential for parallelisation
Outlook
- Porting to VHDL in progress
- FPGA implementation

« Running alsorithm on a compute node

il
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