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Introduction
• Main FD tracking software updates in PR#107 include:


1. Refactored Kalman Filter (KF) package


2. Improved pattern recognition 


3. Reset covariance matrix for seed construction


4. Reset initial covariance matrix for the second and following iterations in tracking


5. Applied Deterministic Annealing Filter (DAF) to incorporate with KF


• Details of updates were presented in previous collaboration meetings: talk1, talk2.


• Validation for the updates will be presented, including:


‣ Tracking and reconstruction efficiencies by RGB


‣ Resolution and reconstruction efficiency by RGA, RGA-SIDIS MC and RGK


‣ CPU efficiency by standard RGK cooking
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https://github.com/JeffersonLab/coatjava/pull/107
https://indico.jlab.org/event/724/contributions/13176/attachments/9996/14843/Updates%20of%20CLAS12%20Forward%20Tracking.pdf
https://indico.jlab.org/event/724/contributions/13176/attachments/9996/14843/Updates%20of%20CLAS12%20Forward%20Tracking.pdf


Tracking and Reconstruction Efficiencies
RGB Current

6226 5 nA

6227 15 nA

6225 35 nA

6299 50 nA

3

DenoisingRGB Spring19 Only fiducial cutsOnly forward tracks AI-assisted tracking
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Resolution: Vertex Z
RGA Fall18 Run5445

Neg. Tracks

Pos. Tracks

-Red: dev

-Blue: updates

11.0%

10.7%

10.8%

10.5%
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DenoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Resolution: MM for 3-FSP Channels
36.3%

21.6%

22.9%
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Denoising
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Resolution: M(π+π-) for 3-FSP Channels
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Denoising

-Red: dev

-Blue: updates

Only fiducial cuts AI-assisted trackingRGA Fall18 Run5445 Only forward tracks



Resolution: MM for 2-FSP Channels
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Resolution: W (Mx of                   ) for 2-FSP Channels
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RGA Validation by Harut
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MM(eK+)
RGA Validation by Daniel
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DenoisingAI-assisted trackingRGA Fall18 Run5445 Only forward tracks

eK+ eK+p

pass2

updates

En: 46199

En: 48858

En: 4612

En: 5325

~6% more ~15% more

Better for both resolution and reconstruction efficiency



Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking

dev updates

σ = 0.0226 σ = 0.0188



Validation for RGA-SIDIS MC by Raffaella
Summary for Resolution
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RGA-SIDIS MC No denoising

3-FSP channels (MeV) 2-FSP channels(MeV)

MX(eπ+π-) MX(epπ+) MX(epπ-) MX(eπ+) MX(ep)

dev/No BG 18.6 19.2 16.8 21.2 35.5

updates/No BG 17.0 18.3 13.9 19.1 32.5

Improvement 9.4% 4.9% 20.9% 11.0% 9.2%

dev/BG 24.4 22.6 19.3 25.0 38.1

updates/BG 17.7 18.8 14.7 20.7 34.6

Improvement 37.9% 20.2% 31.3% 20.8% 10.1%

Only fiducial cutsOnly forward tracks AI-assisted tracking



RGA-SIDIC MC Validation by Harut
Resolution for Mx(eπ+π-)
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RGA-SIDIS MC with BG No denoising

Resolution better ~42%

AI-assisted tracking

σ = 0.03058 σ = 0.02153
dev updates



RGA-SIDIC MC Validation by Harut
Angle Resolution and Reconstruction Efficiency for eπ+ Channel
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No denoisingRGA-SIDIS MC with BG AI-assisted tracking

• Resolution better ~10%

• Reconstruction efficiency better ~3.4% More eπ+ events with better resolution

σ = 0.03340 σ = 0.03056

dev updates
dev

updates

En: 59749 En: 61769
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RGK Validation by Harut
DenoisingAI-assisted tracking

Resolution better ~23%

RGK Winter18 Run 5922

devupdates devupdates
σ = 0.02164 σ = 0.02656 σ = 0.02243 σ = 0.002669

Resolution better ~12%



RGK Validation by Daniel
MM(eK+)
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DenoisingAI-assisted trackingRGK Winter18 Runs 5922-5925

Better for both resolution and reconstruction efficiency

pass2

updates

K+ in FD K+ and p in FD K+ in FD; p in CD K+ in CD K+ in CD; p in FD

En: 598497

En: 731795

En: 59088

En: 65185

En: 8506

En: 9753

En: 3528563

En: 3728715

En: 87694

En: 93051
~22% more ~10% more ~15% more ~6% more ~6% more

eK+ eK+p eK+p eK+ eK+p



RGK Validation by Daniel
MM(eK+p)
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DenoisingAI-assisted trackingRGK Winter18 Runs 5922-5925

K+ in FD

p in FD

K+ in FD

p in CD

K+ in CD

p in FD

K+ in CD

p in CD

Better for both resolution and reconstruction efficiency

- pass2

- updates



CPU Efficiency
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DenoisingStandard cooking
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Summary and Next

• With FD tracking software updates, tracking & reconstruction efficiency, 
resolution and CPU efficiency are comprehensively improved.


• DAF parameters will be tuned to optimize tracking quality after some 
calibrations are done, such as update of time-to-doca table, update of DC-
hit-error function, etc.


• Thank Raffaella, Harut and Daniel for efforts on validations, and thank the 
software group for supports.


• It will be appreciated that anyone contributes on more validations.
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Resolution: Vertex Z
RGA-SIDIS MC

Neg. Tracks

Pos. Tracks

-Red: ai/dev

-Blue: ai/updates

11.1%

7.8%

21

No denoisingOnly fiducial cutsOnly forward tracks



Resolution: MM for 3-FSP Channels -Red: ai/dev

-Blue: ai/updates

36.4%

32.0%

30.4%
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<latexit sha1_base64="8ni/kzt6uZOJoSWhzqb5Kjzim14=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEN5ZEfC2LblxWsA9oaplMb9qhk2SYmSglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z2+4Expx/m2cnPzC4tL+eXCyura+oa9uVVTcSIpVGnMY9nwiQLOIqhqpjk0hAQS+hzqfv9q5NfvQSoWR7d6IKAVkm7EAkaJNlLb3gHhSdbtaSJl/IAhPRgKT7C7o0bbLjolZww8S9yMFFGGStv+8joxTUKINOVEqabrCN1KidSMchgWvESBILRPutA0NCIhqFY6fmGI943SwUEsTUUaj9XfEykJlRqEvukMie6paW8k/uc1Ex1ctFIWiURDRCeLgoRjHeNRHrjDJFDNB4YQKpm5FdMekYRqk1rBhOBOvzxLascl96x0enNSLF9mceTRLtpDh8hF56iMrlEFVRFFj+gZvaI368l6sd6tj0lrzspmttEfWJ8/PTGXVQ==</latexit>

ep ! e0p⇡�X

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks



Resolution: M(π+π-) for 3-FSP Channels
-Red: ai/dev

-Blue: ai/updates

<latexit sha1_base64="j/D+oaH0vp92+Oq8foePITJFdX0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEFsSTia1l047KCfUATy2R60w6dPJiZKCV05cZfceNCEbd+gzv/xkmbhbYeuJfDOfcyc48XcyaVZX0bM7Nz8wuLhaXi8srq2rq5sVmXUSIo1GjEI9H0iATOQqgppjg0YwEk8Dg0vP5V5jfuQUgWhbdqEIMbkG7IfEaJ0lLb3IHYEazbU0SI6AFDuj90YnZ3mLWjZtssWWVrBDxN7JyUUI5q2/xyOhFNAggV5UTKlm3Fyk2JUIxyGBadREJMaJ90oaVpSAKQbjo6Y4j3tNLBfiR0hQqP1N8bKQmkHASengyI6slJLxP/81qJ8i/clIVxoiCk44f8hGMV4SwT3GECqOIDTQgVTP8V0x4RhCqdXFGHYE+ePE3qx2X7rHx6c1KqXOZxFNA22kUHyEbnqIKuURXVEEWP6Bm9ojfjyXgx3o2P8eiMke9soT8wPn8A9JuYyw==</latexit>

ep ! e0⇡+⇡�X
<latexit sha1_base64="Fd3JqU4NGKT44wQV5fH6LsnF30s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQSiJ+FoW3bisYB/Q1DKZ3rRDJ8kwM1FKKG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejAUnmB3R422XXRKzhh4lrgZKaIMlbb95XVimoQQacqJUk3XEbqVEqkZ5TAseIkCQWifdKFpaERCUK10/MIQ7xulg4NYmoo0Hqu/J1ISKjUIfdMZEt1T095I/M9rJjq4aKUsEomGiE4WBQnHOsajPHCHSaCaDwwhVDJzK6Y9IgnVJrWCCcGdfnmW1I5L7lnp9OakWL7M4sijXbSHDpGLzlEZXaMKqiKKHtEzekVv1pP1Yr1bH5PWnJXNbKM/sD5/ADonl1M=</latexit>

ep ! e0p⇡+X
<latexit sha1_base64="8ni/kzt6uZOJoSWhzqb5Kjzim14=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEN5ZEfC2LblxWsA9oaplMb9qhk2SYmSglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z2+4Expx/m2cnPzC4tL+eXCyura+oa9uVVTcSIpVGnMY9nwiQLOIqhqpjk0hAQS+hzqfv9q5NfvQSoWR7d6IKAVkm7EAkaJNlLb3gHhSdbtaSJl/IAhPRgKT7C7o0bbLjolZww8S9yMFFGGStv+8joxTUKINOVEqabrCN1KidSMchgWvESBILRPutA0NCIhqFY6fmGI943SwUEsTUUaj9XfEykJlRqEvukMie6paW8k/uc1Ex1ctFIWiURDRCeLgoRjHeNRHrjDJFDNB4YQKpm5FdMekYRqk1rBhOBOvzxLascl96x0enNSLF9mceTRLtpDh8hF56iMrlEFVRFFj+gZvaI368l6sd6tj0lrzspmttEfWJ8/PTGXVQ==</latexit>

ep ! e0p⇡�X

23

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks



Resolution: MM for 2-FSP Channels -Red: ai/dev

-Blue: ai/updates

29.2%

20.0%

24

<latexit sha1_base64="5QnpVlUzRVer3jtoOuoDU1gwMWo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBaEk4mtZdOOygn1AU8tketMOnSTDzEQpoW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejD0BLs7arTtolNyxsCzxM1IEWWotO0vrxPTJIRIU06UarqO0K2USM0oh2HBSxQIQvukC01DIxKCaqXjD4Z43ygdHMTSVKTxWP09kZJQqUHom86Q6J6a9kbif14z0cFFK2WRSDREdLIoSDjWMR7FgTtMAtV8YAihkplbMe0RSag2oRVMCO70y7Okdlxyz0qnNyfF8mUWRx7toj10iFx0jsroGlVQFVH0iJ7RK3qznqwX6936mLTmrGxmG/2B9fkDYWmW2Q==</latexit>

ep ! e0⇡+X

<latexit sha1_base64="Lo2MD053HaV9cmf3Bpbzmp0YJio=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbRU5gRt2PQi8cIZoEkhJ5OTdKkp6fp7lHiEPwVLx4U8ep/ePNv7CRz0MQHBY/3qqiqF0jOtPG8bye3sLi0vJJfLaytb2xuuds7NR0nikKVxjxWjYBo4ExA1TDDoSEVkCjgUA8G12O/fg9Ks1jcmaGEdkR6goWMEmOljrsHsqVYr2+IUvEDhvRoJBsdt+iVvAnwPPEzUkQZKh33q9WNaRKBMJQTrZu+J007JcowymFUaCUaJKED0oOmpYJEoNvp5PoRPrRKF4exsiUMnqi/J1ISaT2MAtsZEdPXs95Y/M9rJia8bKdMyMSAoNNFYcKxifE4CtxlCqjhQ0sIVczeimmfKEKNDaxgQ/BnX54ntZOSf146uz0tlq+yOPJoHx2gY+SjC1RGN6iCqoiiR/SMXtGb8+S8OO/Ox7Q152Qzu+gPnM8fsJ6VYw==</latexit>

ep ! e0pX

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks



-Red: ai/dev

-Blue: ai/updates

<latexit sha1_base64="5QnpVlUzRVer3jtoOuoDU1gwMWo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBaEk4mtZdOOygn1AU8tketMOnSTDzEQpoW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejD0BLs7arTtolNyxsCzxM1IEWWotO0vrxPTJIRIU06UarqO0K2USM0oh2HBSxQIQvukC01DIxKCaqXjD4Z43ygdHMTSVKTxWP09kZJQqUHom86Q6J6a9kbif14z0cFFK2WRSDREdLIoSDjWMR7FgTtMAtV8YAihkplbMe0RSag2oRVMCO70y7Okdlxyz0qnNyfF8mUWRx7toj10iFx0jsroGlVQFVH0iJ7RK3qznqwX6936mLTmrGxmG/2B9fkDYWmW2Q==</latexit>

ep ! e0⇡+X
<latexit sha1_base64="Lo2MD053HaV9cmf3Bpbzmp0YJio=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbRU5gRt2PQi8cIZoEkhJ5OTdKkp6fp7lHiEPwVLx4U8ep/ePNv7CRz0MQHBY/3qqiqF0jOtPG8bye3sLi0vJJfLaytb2xuuds7NR0nikKVxjxWjYBo4ExA1TDDoSEVkCjgUA8G12O/fg9Ks1jcmaGEdkR6goWMEmOljrsHsqVYr2+IUvEDhvRoJBsdt+iVvAnwPPEzUkQZKh33q9WNaRKBMJQTrZu+J007JcowymFUaCUaJKED0oOmpYJEoNvp5PoRPrRKF4exsiUMnqi/J1ISaT2MAtsZEdPXs95Y/M9rJia8bKdMyMSAoNNFYcKxifE4CtxlCqjhQ0sIVczeimmfKEKNDaxgQ/BnX54ntZOSf146uz0tlq+yOPJoHx2gY+SjC1RGN6iCqoiiR/SMXtGb8+S8OO/Ox7Q152Qzu+gPnM8fsJ6VYw==</latexit>

ep ! e0pX

25

Resolution: W (Mx of                   ) for 2-FSP Channels
<latexit sha1_base64="z95ysyHI197c25D9oGOye5+hCFI=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0H0FHbF1zHoxWME84BkCbOT3mTI7MwyM6uEJf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmHCmjed9O0vLK6tr64WN4ubW9s6uu7ff0DJVFOpUcqlaIdHAmYC6YYZDK1FA4pBDMxzeTPzmAyjNpLg3owSCmPQFixglxkpdtwRJR7H+wBCl5COG7Hjc6rplr+JNgReJn5MyylHrul+dnqRpDMJQTrRu+15igowowyiHcbGTakgIHZI+tC0VJAYdZNPjx/jIKj0cSWVLGDxVf09kJNZ6FIe2MyZmoOe9ifif105NdBVkTCSpAUFni6KUYyPxJAncYwqo4SNLCFXM3orpgChCjc2raEPw519eJI3Tin9ROb87K1ev8zgK6AAdohPko0tURbeohuqIohF6Rq/ozXlyXpx352PWuuTkMyX0B87nD9oalOk=</latexit>

ep ! e0X
RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks



Validation for RGA-SIDIS MC by Raffaella
No background; 3-FSP Channels; dev

26

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
No background; 3-FSP Channels; updates

27

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
No background; 2-FSP Channels; dev

28

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
No background; 2-FSP Channels; updates

29

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
Background; 3-FSP Channels; dev

30

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
Background; 3-FSP Channels; updates

31

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
Background; 2-FSP Channels; dev

32

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



Validation for RGA-SIDIS MC by Raffaella
Background; 2-FSP Channels; updates

33

RGA-SIDIS MC No denoisingOnly fiducial cutsOnly forward tracks AI-assisted tracking



34

No denoising

RGA-SIDIC MC Validation by Harut

Reconstructed events more ~3%

RGA-SIDIS MC with BG

Reconstruction Efficiency

AI-assisted tracking



Resolution: Vertex Z

Neg. Tracks

Pos. Tracks

-Red: dev

-Blue: updates

11.6%

10.8%

10.9%

10.4%

35

DenoisingOnly fiducial cutsOnly forward tracks AI-assisted trackingRGK Winter18 Run 5922



Resolution: MM for 3-FSP Channels
17.4%

15.4%

20.0%

36

Denoising

<latexit sha1_base64="j/D+oaH0vp92+Oq8foePITJFdX0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEFsSTia1l047KCfUATy2R60w6dPJiZKCV05cZfceNCEbd+gzv/xkmbhbYeuJfDOfcyc48XcyaVZX0bM7Nz8wuLhaXi8srq2rq5sVmXUSIo1GjEI9H0iATOQqgppjg0YwEk8Dg0vP5V5jfuQUgWhbdqEIMbkG7IfEaJ0lLb3IHYEazbU0SI6AFDuj90YnZ3mLWj ZtssWWVrBDxN7JyUUI5q2/xyOhFNAggV5UTKlm3Fyk2JUIxyGBadREJMaJ90oaVpSAKQbjo6Y4j3tNLBfiR0hQqP1N8bKQmkHASengyI6slJLxP/81qJ8i/clIVxoiCk44f8hGMV4SwT3GECqOIDTQgVTP8V0x4RhCqdXFGHYE+ePE3qx2X7rHx6c1KqXOZxFNA22kUHyEbnqIKuURXVEEWP6Bm9ojfjyXgx3o2P8eiMke9soT8wPn8A9JuYyw==</latexit>

ep ! e0⇡+⇡�X

<latexit sha1_base64="Fd3JqU4NGKT44wQV5fH6LsnF30s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQSiJ+FoW3bisYB/Q1DKZ3rRDJ8kwM1FKKG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejAUnmB3R422XXRKzhh4lrgZKaIMlbb95XVimoQQacqJUk3XEbqVEqkZ5TAseIkCQWifdKFpaERCUK10/MIQ7xulg4NYmoo0Hqu/J1ISKjUIfdMZEt1T095I/M9rJjq4aKUsEomGiE4WBQnHOsajPHCHSaCaDwwhVDJzK6Y9IgnVJrWCCcGdfnmW1I5L7lnp9OakWL7M4sijXbSHDpGLzlEZXaMKqiKKHtEzekVv1pP1Yr1bH5PWnJXNbKM/sD5/ADonl1M=</latexit>

ep ! e0p⇡+X

<latexit sha1_base64="8ni/kzt6uZOJoSWhzqb5Kjzim14=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEN5ZEfC2LblxWsA9oaplMb9qhk2SYmSglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z2+4Expx/m2cnPzC4tL+eXCyura+oa9uVVTcSIpVGnMY9nwiQLOIqhqpjk0hAQS+hzqfv9q5NfvQSoWR7d6IKAVkm7EAkaJNlLb3gHhSdbtaSJl/IAhPRgKT7C7o0bbLjolZww8S9yMFFGGStv+8joxTUKINOVEqabrCN1KidSMchgWvESBILRPutA0NCIhqFY6fmGI943SwUEsTUUaj9XfEykJlRqEvukMie6paW8k/uc1Ex1ctFIWiURDRCeLgoRjHeNRHrjDJFDNB4YQKpm5FdMekYRqk1rBhOBOvzxLascl96x0enNSLF9mceTRLtpDh8hF56iMrlEFVRFFj+gZvaI368l6sd6tj0lrzspmttEfWJ8/PTGXVQ==</latexit>

ep ! e0p⇡�X

-Red: dev

-Blue: updates

Only fiducial cuts AI-assisted trackingOnly forward tracksRGK Win18 Run 5922



Resolution: M(π+π-) for 3-FSP Channels

<latexit sha1_base64="j/D+oaH0vp92+Oq8foePITJFdX0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEFsSTia1l047KCfUATy2R60w6dPJiZKCV05cZfceNCEbd+gzv/xkmbhbYeuJfDOfcyc48XcyaVZX0bM7Nz8wuLhaXi8srq2rq5sVmXUSIo1GjEI9H0iATOQqgppjg0YwEk8Dg0vP5V5jfuQUgWhbdqEIMbkG7IfEaJ0lLb3IHYEazbU0SI6AFDuj90YnZ3mLWjZtssWWVrBDxN7JyUUI5q2/xyOhFNAggV5UTKlm3Fyk2JUIxyGBadREJMaJ90oaVpSAKQbjo6Y4j3tNLBfiR0hQqP1N8bKQmkHASengyI6slJLxP/81qJ8i/clIVxoiCk44f8hGMV4SwT3GECqOIDTQgVTP8V0x4RhCqdXFGHYE+ePE3qx2X7rHx6c1KqXOZxFNA22kUHyEbnqIKuURXVEEWP6Bm9ojfjyXgx3o2P8eiMke9soT8wPn8A9JuYyw==</latexit>

ep ! e0⇡+⇡�X
<latexit sha1_base64="Fd3JqU4NGKT44wQV5fH6LsnF30s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQSiJ+FoW3bisYB/Q1DKZ3rRDJ8kwM1FKKG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejAUnmB3R422XXRKzhh4lrgZKaIMlbb95XVimoQQacqJUk3XEbqVEqkZ5TAseIkCQWifdKFpaERCUK10/MIQ7xulg4NYmoo0Hqu/J1ISKjUIfdMZEt1T095I/M9rJjq4aKUsEomGiE4WBQnHOsajPHCHSaCaDwwhVDJzK6Y9IgnVJrWCCcGdfnmW1I5L7lnp9OakWL7M4sijXbSHDpGLzlEZXaMKqiKKHtEzekVv1pP1Yr1bH5PWnJXNbKM/sD5/ADonl1M=</latexit>

ep ! e0p⇡+X
<latexit sha1_base64="8ni/kzt6uZOJoSWhzqb5Kjzim14=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEN5ZEfC2LblxWsA9oaplMb9qhk2SYmSglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z2+4Expx/m2cnPzC4tL+eXCyura+oa9uVVTcSIpVGnMY9nwiQLOIqhqpjk0hAQS+hzqfv9q5NfvQSoWR7d6IKAVkm7EAkaJNlLb3gHhSdbtaSJl/IAhPRgKT7C7o0bbLjolZww8S9yMFFGGStv+8joxTUKINOVEqabrCN1KidSMchgWvESBILRPutA0NCIhqFY6fmGI943SwUEsTUUaj9XfEykJlRqEvukMie6paW8k/uc1Ex1ctFIWiURDRCeLgoRjHeNRHrjDJFDNB4YQKpm5FdMekYRqk1rBhOBOvzxLascl96x0enNSLF9mceTRLtpDh8hF56iMrlEFVRFFj+gZvaI368l6sd6tj0lrzspmttEfWJ8/PTGXVQ==</latexit>

ep ! e0p⇡�X

37

Denoising

-Red: dev

-Blue: updates

Only fiducial cuts AI-assisted trackingOnly forward tracksRGK Win18 Run 5922



Resolution: MM for 2-FSP Channels

28.0%

25.8%

38

Denoising

<latexit sha1_base64="5QnpVlUzRVer3jtoOuoDU1gwMWo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBaEk4mtZdOOygn1AU8tketMOnSTDzEQpoW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejD0BLs7arTtolNyxsCzxM1IEWWotO0vrxPTJIRIU06UarqO0K2USM0oh2HBSxQIQvukC01DIxKCaqXjD4Z43ygdHMTSVKTxWP09kZJQqUHom86Q6J6a9kbif14z0cFFK2WRSDREdLIoSDjWMR7FgTtMAtV8YAihkplbMe0RSag2oRVMCO70y7Okdlxyz0qnNyfF8mUWRx7toj10iFx0jsroGlVQFVH0iJ7RK3qznqwX6936mLTmrGxmG/2B9fkDYWmW2Q==</latexit>

ep ! e0⇡+X

<latexit sha1_base64="Lo2MD053HaV9cmf3Bpbzmp0YJio=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbRU5gRt2PQi8cIZoEkhJ5OTdKkp6fp7lHiEPwVLx4U8ep/ePNv7CRz0MQHBY/3qqiqF0jOtPG8bye3sLi0vJJfLaytb2xuuds7NR0nikKVxjxWjYBo4ExA1TDDoSEVkCjgUA8G12O/fg9Ks1jcmaGEdkR6goWMEmOljrsHsqVYr2+IUvEDhvRoJBsdt+iVvAnwPPEzUkQZKh33q9WNaRKBMJQTrZu+J007JcowymFUaCUaJKED0oOmpYJEoNvp5PoRPrRKF4exsiUMnqi/J1ISaT2MAtsZEdPXs95Y/M9rJia8bKdMyMSAoNNFYcKxifE4CtxlCqjhQ0sIVczeimmfKEKNDaxgQ/BnX54ntZOSf146uz0tlq+yOPJoHx2gY+SjC1RGN6iCqoiiR/SMXtGb8+S8OO/Ox7Q152Qzu+gPnM8fsJ6VYw==</latexit>

ep ! e0pX

-Red: dev

-Blue: updates

Only fiducial cuts AI-assisted trackingOnly forward tracksRGK Win18 Run 5922



<latexit sha1_base64="5QnpVlUzRVer3jtoOuoDU1gwMWo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBaEk4mtZdOOygn1AU8tketMOnSTDzEQpoW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nt8wZnSjvNt5ebmFxaX8suFldW19Q17c6um4kRSqNKYx7LhEwWcRVDVTHNoCAkk9DnU/f7VyK/fg1Qsjm71QEArJN2IBYwSbaS2vQPCk6zb00TK+AFDejD0BLs7arTtolNyxsCzxM1IEWWotO0vrxPTJIRIU06UarqO0K2USM0oh2HBSxQIQvukC01DIxKCaqXjD4Z43ygdHMTSVKTxWP09kZJQqUHom86Q6J6a9kbif14z0cFFK2WRSDREdLIoSDjWMR7FgTtMAtV8YAihkplbMe0RSag2oRVMCO70y7Okdlxyz0qnNyfF8mUWRx7toj10iFx0jsroGlVQFVH0iJ7RK3qznqwX6936mLTmrGxmG/2B9fkDYWmW2Q==</latexit>

ep ! e0⇡+X
<latexit sha1_base64="Lo2MD053HaV9cmf3Bpbzmp0YJio=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbRU5gRt2PQi8cIZoEkhJ5OTdKkp6fp7lHiEPwVLx4U8ep/ePNv7CRz0MQHBY/3qqiqF0jOtPG8bye3sLi0vJJfLaytb2xuuds7NR0nikKVxjxWjYBo4ExA1TDDoSEVkCjgUA8G12O/fg9Ks1jcmaGEdkR6goWMEmOljrsHsqVYr2+IUvEDhvRoJBsdt+iVvAnwPPEzUkQZKh33q9WNaRKBMJQTrZu+J007JcowymFUaCUaJKED0oOmpYJEoNvp5PoRPrRKF4exsiUMnqi/J1ISaT2MAtsZEdPXs95Y/M9rJia8bKdMyMSAoNNFYcKxifE4CtxlCqjhQ0sIVczeimmfKEKNDaxgQ/BnX54ntZOSf146uz0tlq+yOPJoHx2gY+SjC1RGN6iCqoiiR/SMXtGb8+S8OO/Ox7Q152Qzu+gPnM8fsJ6VYw==</latexit>

ep ! e0pX
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Denoising

Resolution: W (Mx of                   ) for 2-FSP Channels
<latexit sha1_base64="z95ysyHI197c25D9oGOye5+hCFI=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0H0FHbF1zHoxWME84BkCbOT3mTI7MwyM6uEJf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmHCmjed9O0vLK6tr64WN4ubW9s6uu7ff0DJVFOpUcqlaIdHAmYC6YYZDK1FA4pBDMxzeTPzmAyjNpLg3owSCmPQFixglxkpdtwRJR7H+wBCl5COG7Hjc6rplr+JNgReJn5MyylHrul+dnqRpDMJQTrRu+15igowowyiHcbGTakgIHZI+tC0VJAYdZNPjx/jIKj0cSWVLGDxVf09kJNZ6FIe2MyZmoOe9ifif105NdBVkTCSpAUFni6KUYyPxJAncYwqo4SNLCFXM3orpgChCjc2raEPw519eJI3Tin9ROb87K1ev8zgK6AAdohPko0tURbeohuqIohF6Rq/ozXlyXpx352PWuuTkMyX0B87nD9oalOk=</latexit>

ep ! e0X

-Red: dev

-Blue: updates

Only fiducial cuts AI-assisted trackingOnly forward tracksRGK Win18 Run 5922



CPU Efficiency
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Denoising ai/dev ai/updates Improvement

HBAI  
(ms/event) 23.90 20.76 15%

TBAI  
(ms/event) 74.01 61.85 20%

• Significant contribution on CPU efficiency improvement from 
resetting conditions for tracking iteration termination is not 
counted here, since it has been applied for pass2.


• Besides, more successful tracks are reconstructed by the 
updated tracking package, while tracking for most of these 
tracks is failed and terminated at the first iteration. These 
tracks are the main contribution on improvement of statistics.

Old New

RGB run 6299 (50 nA)



Summary and Next
• With FD tracking software updates, tracking efficiency, statistics, resolution and CPU efficiency are 

comprehensively improved.


• Appreciate that anyone contributes on more validations.


• Some projects for further improvement of forward tracking quality include:


- DAF parameters will be tuned to optimize tracking efficiency and resolution.


- A straight tracking package with four track parameters (x, y, tx, ty) will be developed. It will help 
studies of alignment and calibration.


- With account of trackers’ local rotation, development for a non-straight tracking package with six 
track parameters (x, y, z, θ, φ, q/p) is in plan.


- More AI-technique applications are in discussion.
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