ATAR Tracklet and Pattern Reconstruction
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ATAR Tracklets and Patterns

Simulation offers
opportunity to

.. implement, test, and
t———> 517 % Improve reconstruction
approaches
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Pattern Reconstruction: The Task

« Given n tracklets T,,i = 0,1,...,n — 1, group the tracklets into patterns P,

j = 0,1,...,m where m is the total number of patterns identified.

input: n = 3 tracklets

£
é ...........
cmm 7 ...form patterns
T Jeecooccccs
5 —

z3[mm]

output: m = 1 pattern
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e Using truth tracklets: ATAR hits grouped into tracklets using PDG ID

e Todo: more realistic tracklet reconstruction
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Pattern Reconstruction: Basic Strategy

o Use the properties of each tracklet Xi to perform the grouping. 1 labels the tracklet
and u labels the tracklet property, e.g. the start/stop position

My approach uses the distance between the start/stop of tracklets to decide if
two tracklets belong in the same pattern

* More details can be found in my talks presented at the ATAR simulation meeting:
DocDB 310, DocDB 314, and DocDB 320
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https://pioneer.npl.washington.edu/cgi-bin/private/ShowDocument?docid=310
https://pioneer.npl.washington.edu/cgi-bin/private/ShowDocument?docid=314
https://pioneer.npl.washington.edu/cgi-bin/private/ShowDocument?docid=320

Pattern Reconstruction: An Example

« Given n tracklets T,,i = 0,1,...,n — 1, group the tracklets into patterns P,
j = 0,1,...,m where m is the total number of patterns identified.
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Pattern Reconstruction: Algorithm

¢ FOr eaCh OUtQOing traCklet 7}, . 10-0 e ceo0ecoeceoe o
n n E T3 T4
decide if thereisa connection Cto & °| .. ............ .
- . x 1 2
an incoming tracklet 7 -101, o B , .
J 0 1 2 3 4 5 6 7
_ Z [mm]
- Example: outgoing tracklet 17 should .
_ T, T,
be connected to incoming tracklet 7, £ |*°°°""T0
. i ® 00000 ® 000 00" T
» Connection: C = (1, 1)) = > | o I 2
(incoming,outgoing) Y Jem
T t=—, u"=—,e"= , else=—
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Pattern Reconstruction: Algorithm
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Pattern Reconstruction: Algorithm

 Patterns can be formed from the list .
of connections C,, C;, . . . E
<

° Example: ~10 -

¢ TraCkletSZ T(), Tl’ Tz, TB’ T4

» Connections: Cy = (1, 1), €

= 0
Cl — (Tla TZ)aCI — (T39 T4) :

-101_

. Patterns: Py = {71, T}, 15},
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How to compute Ar;?

 How do we account for the ATAR being
comprised of layers with 2D information?

X [mm]

« The “front” layer gives XZ info and the o1 S Imm] Se
“back” layer gives “YZ" info
« Start simple: é Z
- Compute distances within a layertype >,
and use first/last hit in that layer T Zmml
T t=—,u"=—, "=, else=—

* First/last hit in layer might not be near

start/stop location * This event has two patterns

» “Simple” approach incorrectly
reconstructs one pattern, because
only the XZ profile was used

e Doesn’t use information about the full
tracklet

* Improve: use full tracklet information
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Fit tracklet to a line

€
 Perform a linear fit to tracklet hits in XZ and YZ planes <
» Use ATAR center for hit position ) 2 [mm!
. Extract slopes (m,,, m, ) and intercepts (b,_.b,,) S

 Use start/stop hit to get stop z position: z*

. Getx and y coordinates from tracklet fit: x* = m_z* + b,,, y* = m z* + b

 Two subtleties:

1. No hits in the profile: can’t get X information if no hit in XZ profile

. — Don’t use missing coordinate in computing Arl-j

2. 0nly 1 layer hit in the profile: can't fit a line to one point

« — Use layer position (essentially we set the slope to 0 and the intercept to the layer position)
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Formula to calculate fit parameters

* See e.g. Chapter 8 of An Introduction to Error Analysis by J. Taylor
» Extract slope and intercept assuming same uncertainty for each layer hit:

I DREDNINS: EDXSREDNEIN

b b
XZ vz
Ay, Ayz
Ny 22X = 222, Ny 22y — 22y
My, = A— my, =————"—" "
XZ Ayz
2 ’ 2 .
Ae=N. 2= (X ) A.=N. Y 2= (X )
N, = number of hits in the XZ layers N, = number of hits in the YZ layers
Sums are over all XZ layer hits Sums are over all YZ layer hits
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Pattern Reconstruction: Performance

* Now, onto the performance with some examples
* Simulation details:

« Using code based on main repository commit c£8eaf5

 Nominal ATAR geometry
* Only looking at hits in the ATAR (e.g. not looking at calo)
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No event mixing

 Distribution of minArlj

» Ar,,.., very loosely set to 10 mm,

res

so these show all minAij
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No event mixing

 Ar,,., very loosely set to 10 mm
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No event mixing

. Ar, . very loosely set to 10 mm * Require pion decay in ATAR
 Box cut: remove event if there is

a hit with x ory > 8 mm
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Hit merging artifact

* Hit merging causing one hit to enter "wrong” tracklet

« —> Must keep in mind for tracklet finding

10 -
E “leeeceececcceccccscocoe
= o
-10 |
0 1 2 3 4
Z [mm]
10 -
£ =
= o
?;:_5- 00000000000 0000
~10
0 1 2 3 4
Z [mm]

Reco Pa

Ary..q, =1 mm

resh —

1745

0 1

2 3 4 5
Truth Patterns

6

v

:‘103

102

101

Sean Foster | Pioneer Collaboration Meeting | January 8, 2024



With 300 kHz event rate

 Distribution of minArlj
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With 300 kHz event rate
. Ar,

10, VEry loosely set to 10 mm
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With 300 kHz

. Ar, . very loosely set to 10 mm * Require pion decay in ATAR
 Box cut: remove event if there is

a hit with x ory > 8 mm
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With 300 kHz
. Set Ar,,,, 101 mm * Require pion decay in ATAR

 Box cut: remove event if there is
a hit with x ory > 8 mm
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Efficiency vs. Ar,, ., parameter

- Plot efficiency vs. Ar,,
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Some event displays: we get it right
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Some event displays: we get it right
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Some event displays: we get it right
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Some event displays: we get it right
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Some event displays: we get it right
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Some event displays: we get it wrong
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* Red tracklet is an electron (delta ray?)
» Current algorithm only looks for connections at start/stop
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Some event displays
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 Red tracklet is an electron

Reco Pat#erns

Ary.., = 1 mMm

resh —

1222

0

1

2 3 4 5
Truth Patterns

» Current algorithm only looks for connections at start/stop
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Some event displays
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» Hit merging causing hit to go in "wrong” tracklet
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Summary and next steps

» Simulation offers opportunity to implement, test, and improve reconstruction
approaches

* ATAR reconstruction consists of two steps: tracklet reconstruction and pattern
reconstruction

* Here, | focused on pattern reconstruction; developed a simple but effective
approach. Some oddities that will be sorted out in time

* Next step iIs to tackle the tracklet reconstruction and iterate from there, taking into
account ATAR KPP
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