PR #238:

Merge T5s After Building
Gavin Niendorf



Overview

e Moved the T5-T5 merging kernel from the end of LST to
immediately after the T5s are built.

o Allows downstream duplicate cleaning and object building
kernels to make use of longer track length.

e Revisited the T5 duplicate cleaning kernels after moving the merging
kernel to improve displaced efficiency.



Motivation

e Current T5-T5 merging kernel (see previous slides here) increases TC length and improves
momentum resolution significantly, but merging happens after TCs are fully built.

o Duplicate cleaning kernels and object building kernels (e.g. pT5 building) can’t make
use of longer track length to improve performance.

e Moving the merging kernel from the end of LST to immediately after T5s are built allows for
potential improvements in duplicate cleaning and object building.
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https://docs.google.com/presentation/d/1pzYhYK-DmxDr_VaN5y-eB1fjEabMRG-xmholHWnfBq4/edit?usp=sharing

PR Changes

e Moved T5-TS merging kernel from the end of LST to after TS5s are built, and
optimized the kernel significantly so that the timing difference is negligible.
o Previous merging kernel only merged built TCs, so the number of T5-T5
pairs it considered was significantly smaller.

e Made improvements to the three T5 duplicate cleaning kernels after
moving the merging kernel - RemoveDupQuintupletsAfterBuild,
RemoveDupQuintupletsBeforeTC, and CrossCleanTh5.

o Longer tracklets are now kept over shorter ones, and longer tracklet
pairs have tighter cuts to be considered duplicates of each other.



Duplicate Cleaning Changes - After Build

RemoveDupQuintupletsAfterBuild (Kernels.h):
e Shared-hit threshold changed from flat = 7 hits to proportional threshold
based on tracklet length ranging from 6-8 hits (see backup).

e The longer tracklet is kept when a pair gets flagged as duplicates. For pairs
of the same length, the tracklet with the better TS5 DNN score is kept for low
pT tracks (pT < 5 GeV) and the tracklet with the lower chi-squared score is
kept for high pT tracks (pT > 5 GeV).

o The pT-dependent tiebreaker was added to maintain efficiency at high
pT. The TS5 DNN needs to be retrained in the future with high pT tracks
upweighted so that this can be simplified.



Duplicate Cleaning Changes - Before TC / Cross Clean

RemoveDupQuintupletsBefore TC (Kernels.h):
e Same pT-dependent tiebreaker added as in the after-build kernel.
e Embedding-distance threshold tightened from 1.0 to 0.25, chosen at the 99th
percentile of true-duplicate pairs for 100 PU200 events to avoid displaced
efficiency loss.

CrossCleanTb (TrackCandidate.h):
e Tb5s that got merged at least once get tighter embedding cuts (thresholds
(0.1,1.0) — (0.03,0.3)) to avoid displaced efficiency loss from cross cleaning.
e Afallback based on shared-hit count was added to catch true duplicates
missed from the above tightened selection.
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Physics Performance - Standalone

e Minimal improvements in TC track length and efficiency at low pT from the
duplicate cleaning kernel changes (taken from the ClI, this PR is black).
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Physics Performance - Standalone Cont.

e Significant increase in displaced efficiency for PU200, slight decrease in

fake rate, minimal differences in duplicate rate in the barrel.
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Physics Performance - CMSSW (HLT)

e Significant increase in displaced efficiency for PU200, slight decrease in
fake rate, minimal differences in duplicate rate (red is this PR, blue master).

Efficiency vs vertpos |

efficiency vs vert r

Ratio

1.2

Py

o ;
'S
T

e B e A e e R R S R

o

@
i PRI

==

S

o
(o))
!
pra
—h—
——

T R

1 1
TP eert r (cm)O2

Fake rate vs vertpos

fakerate vs r

0.
1

Ratio

0.9F-+---

o.at— -------- :

1_— ------- f
Y: SR
0.6F---
o

1) — :

Lt lﬂw

0.7
1072

107

1 1 10°
track ref. pgint r (cm)o

| Duplicates Rate vs vertpos |

= 0.1
2
20.09

© o
=0.08F
o E
S0.07E
i
S0.06f
9, E
0.05F
0.04F
0.03F
0.02f
00t

Fake rate vs

—=— target_branch
—— this_PR




Timing Comparison - CPU (Negligible Changes)
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Timing Comparison - GPU (Negligible Changes)
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Possible Future Improvements

Retrain TS5 DNN with high-pT tracks upweighted so that same-length
tiebreaker can be simplified to keeping the tracklet with better DNN score.

Use merged hits in pT5 building kernel to potentially improve physics
performance (currently only the base T5 hits are considered).

Revisit the TS5 DNN architecture (started in PR #200) to add an explicit
displaced output score like the T3 DNN has to recover some more displaced
efficiency.
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https://github.com/SegmentLinking/cmssw/pull/200

Summary

Moved the T5-T5 merging kernel from the end of LST to immediately after
T5s are built and revisited the T5 duplicate cleaning kernels to make use of
increased track length.

Improvements to duplicate cleaning kernel after moving the merging kernel
result in a significant improvement in displaced efficiency for PU200 with
negligible differences in timing.
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Backup Slides
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Duplicate Merging Threshold

Shared-hit threshold is computed as int(0.6 x min(2-nLayers i, 2-nLayers _j)),
i.e. 60 % of the shorter tracklet's hit count. This gives the 6/7/8-hit ladder below.
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