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Upstream Pixel Tracker (UP)

Chinese group contributes significantly

FTDR design
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Upstream Pixel Tracker (UP)

UP .E.v2 design — cover gaps

Hybrid,
C;,‘ Support,
4 Layers, 12 Staves per Layer, 48 Modules per Stave, 8/6 and chips overlap
region
Chips per Module ”~

e Coving~1309mminX, ~ 1285 mminY -

e (entral hole (beam pipe) ~ (£ 35 mm) X (£ 37mm)
e Chip size ~2 X 2 cm?

e Gap covered by setting overlap for all Module and Stave
e [ess missing hit

e Higher Efficiency and Lower Ghost rate
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LHCb Tracking System

UP plays a key role in LHCb tracking system g ||
e Fast estimates momentum for trigger system ” |
 Improve momentum resolution A == _
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UP Standalone (v1)

At least have three layers with hit in each track
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UP Standalone updates

e Efficiency, especially in low momentum region, still has the improving space
e Ghost rate >10%, polluting the matching algorithm 1n next step
¢ Once we check the simulation from UP.E design, with no-gap structure, the increase of the ghost rate 1s also observed

e More hits detected, but the performance 1s worse?

—+— FTDR - Default algorithm
—— FTDR - Optimized algorithm
—+—— UP.E.v2 - Default algorithm
—4—— UP.E.v2 - Optimized algorithm

e Track-by-track analysis shows most of ghost tracks in UP are with 3 hits. Therefore 0.2
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MLP for UP standalone track

Efficiency, Ghost rate and Count (with 2000 evt)
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MLP target
e To find the best track candidate for each reference hit by evaluating
global hit combinations using an MLP model. 0s-
MLP Strategy
e Pickup a hit in Layer_0 as reference hit (hO) L
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CAT for UP standalone track

Doublets BDT
building Filtering
CAT Target
e To build the best track candidate by locally extending hit connections using Cellular Automaton evolution rules
CAT Strategy
e (Construct doublets using geometry constraints 1,2 3 11 22 3,3
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e Expand into tracklets (allowing one layer skip)

e Evolution score propagation under breaking angle ¢
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e Backward search for best-scored tracklet chain
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Upstream with UP Hits

12 Discriminating variables
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Upstream with UP Tracks

Match TV and UP Track
e Cutondx, dy, dtx, dty, dO
e Choose the best track with dr
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Long Track

e Matching TV tracks and MT tracks

e Extrapolate TV and MT tracks to a common Z-plane

e Fast Pre-Filter: Discard candidates with large Y-mismatches

e Precision Matching: cut on ¥ and MLP score

e Compute y* from position/angle differences, with dynamic error scaling

o 2= (AX%10lX) + (AY*/10lY) + (ATy?* X 625)

e Evaluate match quality via MLP (6 mputs — mlp score)
o Inputs: AX,AY, ATx, ATy, y*, TV tx? + ty?

e Add UP tracks into matched TV-MT tracks
e TV-UP requirement: dx, dy, dtx, dty, d0

e UP-MT requirement: dy
e (Choose the best track with TV-UP dr

- up track

e Apply Kalman Filter for better performance 2-1800mm

z=10000mm
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Long Track

Long Track with UP

e Tracking efficiency have’t effected a lot
e (Ghost rate reduced

e Momentum resolution improved

o | Efficiency o 1 ¥ Ghost rate Momentum resolution
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Downstream Track

Same algorithm as TV-MT Matching (UP + MT)

e Fast Pre-Filter: Discard candidates with large Y-mismatches

e Precision Matching: cut on ¥ and MLP score
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LHCD

Summary

 The upstream pixel tracker in Upgrade II will be redesigned due to the increase of luminosity

e From silicon strip (UT) — silicon pixel (UP)

e Multiple geometry versions implement under DD4HEP framework

e New no-gap geometry design (UP .E.v2) 1s under development

e The UP performance study 1s ongoing

e The development of all UP-related track reconstruction systems 1s largely complete

* Tracking Algorithm Optimization in Progress
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Backup

Backup

16



UP Standalone updates

e Efficiency, especially in low momentum region, still has the improving space
e Ghost rate >10%, polluting the matching algorithm 1n next step
¢ Once we check the simulation from UP.E design, with no-gap structure, the increase of the ghost rate 1s also observed

e More hits detected, but the performance 1s worse?
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e Addhits: once a UP track reconstructed, other hits with small enough DOCA M . ]
. . 0.6 B
considered also belong to this track and masked —no use for other track - )
reconstructlon 04 :_ —+— FTDR - Default algorithm —:
- —4— FTDR - Optimized algorithm -
e Track-by-track analysis shows most of ghost tracks in UP are with 3 hits. 0.2 —+— UP.Ew2- Default algorithm ~
—— —+—— UP.E.v2 - Optimized algorithm i
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Reconstruction of physics decays

Reconstruct tracks on Upgrade2 simulation — Use Long Track
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