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Euclidean Distance

Update 
Dataset Layers 5 6 7 8 9 10 Whole Track

Yes
Success 5026 (84%) 4815 (80%) 4626 (77%) 4272 (71%) 3793 (63%) 3552 (59%) 2411 (40%)

Failure 974 (16%) 1185 (20%) 1374 (23%) 1728 (29%) 2207 (37%) 2448 (41%) 3589 (60%)

No
Success 5125 (85%) 5084 (85%) 5017 (84%) 4820 (80%) 4445 (74%) 4426 (74%) 3280 (55%)

Failure 875 (15%) 916 (15%) 983 (16%) 1180 (20%) 1555 (26%) 1574 (26%) 2720 (45%)
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Euclidean Distance

Update 
Dataset Layers 5 6 7 8 9 10 Whole Track

Yes
Success 5026 (84%) 4815 (80%) 4626 (77%) 4272 (71%) 3793 (63%) 3552 (59%) 2411 (40%)

Failure 974 (16%) 1185 (20%) 1374 (23%) 1728 (29%) 2207 (37%) 2448 (41%) 3589 (60%)

Cosine Similarity

Update 
Dataset Layers 5 6 7 8 9 10 Whole Track

Yes
Success 3461 (58%) 2502 (42%) 1741 (29%) 1037 (17%) 517 (9%) 117 (2%) 76 (1%)

Failure 2539 (42%) 3498 (58%) 4259 (71%) 4963 (83%) 5483 (91%) 5883 (98%) 5924 (99%)

Really!
1% ?!?



All vectors must be displaced, so the new 
common origin is now the track hit in the 

fourth layer, rather than (0, 0, 0)

Going to the outermost 
region, ΔΦ between 2 

subsequent hits 
becomes larger



3 restrictions are applied:
● volume ID
● layer ID
● radius < (20mm, 40mm, ∞) 

around the predicted hit

Restrictions:
● avoid computing cosine similarity taken hits 

from other layers into account
● help performance improvement



Outer region → cos. closer to 1Outer region → Fewer hits



Euclidean Distance

Update 
Dataset Layers 5 6 7 8 9 10 Whole Track

Yes
Success 5026 (84%) 4815 (80%) 4626 (77%) 4272 (71%) 3793 (63%) 3552 (59%) 2411 (40%)

Failure 974 (16%) 1185 (20%) 1374 (23%) 1728 (29%) 2207 (37%) 2448 (41%) 3589 (60%)

No
Success 5125 (85%) 5084 (85%) 5017 (84%) 4820 (80%) 4445 (74%) 4426 (74%) 3280 (55%)

Failure 875 (15%) 916 (15%) 983 (16%) 1180 (20%) 1555 (26%) 1574 (26%) 2720 (45%)

Cosine Similarity

Update 
Dataset Layers 5 6 7 8 9 10 Whole Track

Yes
Success 5072 (85%) 4918 (82%) 4734 (79%) 4438 (74%) 4011 (67%) 3790 (63%) 2684 (45%)

Failure 928 (15%) 1082 (18%) 1266 (21%) 1562 (26%) 1989 (33%) 2210 (37%) 3316 (55%)

No
Success 5178 (86%) 5202 (87%) 5132 (86%) 4956 (83%) 4570 (76%) 4495 (75%) 3415 (57%)

Failure 822 (14%) 798 (13%) 868 (14%) 1044 (17%) 1430 (24%) 1505 (25%) 2585 (43%)
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https://angelosantos.github.io/decision-trees/BDT_20190724.html
https://angelosantos.github.io/decision-trees/CMS_tracks/BDT_plan_2019_08_09.html
https://angelosantos.github.io/decision-trees/CMS_tracks_2019_08_23/GMB_2019_08_22.html
https://angelosantos.github.io/decision-trees/CMS_tracks_2019_08_23/GMB_2019_08_30.html
https://indico.cern.ch/event/851722/contributions/3581239/attachments/1916888/3169455/Working_With_BDT_Sep2019.pdf
https://indico.cern.ch/event/912114/contributions/3837091/attachments/2025217/3387675/Angelo_BDT_2020_04_22v2.pdf
https://indico.cern.ch/event/919505/contributions/3863828/attachments/2038211/3413160/BDT_GBM_2020_05_13v2.pdf
https://indico.cern.ch/event/921811/contributions/3872872/attachments/2042581/3421313/BDT_GBM_2020_05_20.pdf
https://indico.cern.ch/event/923818/contributions/3881537/attachments/2054893/3445480/BDT_GBM_2020_06_10.pdf
https://indico.cern.ch/event/932961/contributions/3920568/attachments/2063524/3462363/Circle_Track_Fit_2020_06_24.pdf
https://indico.cern.ch/event/932963/contributions/3920576/attachments/2071292/3477262/Circle_Track_Fit_2020_07_08.pdf
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21k tracks and 
initial parameters Train dataset GBM 

Model

Predict (x, y, z) 
and

compute error

Has run over 
all 

parameters?

3k tracks

GBM with new 
parameters and 

21k tracks

6k tracks and GBM 
with optimized 

parameters

Take 
parameters with 
minimum error

Predict (x, y, z)
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Computed in the 
Training Step

3k tracks 
different 

than those 
for training

Predicted





Layer Volume ID Layer ID

5 13 2

6 13 4

7 13 6

8 13 8

9 17 2

10 17 4

Performance No Restrictions With Restrictions

Using CPU Dataset
Update

Dataset
Update

No Dataset 
Update

# of Tracks 6000 6000 6000

# of Layers 6 6 6

Total # of  Hits 36,000 36,000 36,000

Total Time (s) 1,800 150 90

Time to Reconstruct 
a Single Track (s) 300 0.025 0.015

Time to Find Each 
Hit (s) 50 0.0042 0.0025



The detector configuration is 
responsible for ΔΦ distributions. 
So it is not possible to avoid the 

track curvature in cosine similarity 
calculation.



Outer region → Fewer hits
Outer region → cos. closer to 1

Inner region → Better precision
Inner region → max. closer to 1




