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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: talki, talk2.

» \alidation 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


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
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_ Only forward tracks
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RGA Fall18 Run5445 Only forward tracks
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RGA Fall18 Run5445 Only forward tracks
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RGA Fall18 Run5445
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RGA Fall18 Run5445  Only forward tracks Only fiducial cuts
Resolution: W (Mx of ep — €’ X)) for 2-FSP Channels
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RGA Fall18 Run5445

Only forward tracks

RGA Validation by Harut
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Al-assisted tracking

RGA Fall18 Run5445 Only forward tracks

RGA Validation by Daniel
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Only forward tracks

Only fiducal cuts
Validation for RGA-SIDIS MC by Raffaella

2000 ' lr-'hurne mxt2

dev Entries 211281

Mean 0882

1500 RMS 0.595
i

O = 0.0IQ:Z“’B 1249 9084227.16067

me an 003042000048

“OMa 0.022620.00056
1000 “

0.0 0.5 1.0 1.5
M ‘(ep— e'pm’X) (GeV?)

2.0

11

Al-assisted tracking

Name
Entries
Mean

mxt2
216138
0.883
RMS 0.594

: 1
0= 0-01:3? 1937.1431+33.88188
0.0268+0.00030
0.0188+0.00034

updates

mean
SIgMa

0.0 0.5 1.0 1.5 2.0
M, *(ep— e'prr*X) (GeV?)



RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella

Summary for Resolution

3-FSP channels (MeV) 2-FSP channels(MeV)
Mx(emtm-) Mx(epTtt) Mx(epr) Mx(ett) 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%
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RGA-SIDIS MC with BG
RGA-SIDIC MC Validation by Harut
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0 | ID 326 Z D 197
| Entried 2592 250 F | Entries; 2798
160 | v/l 7731 | 15 ; 1166 / 15
: Si 0.3058E-01 +  0.1025E-02 Z
00k g 150 1 02153E-01+  0.6539E-03
o dev | updates
60 . o = 0.03058 | 100 _ o =0.02153
= 50 |
20

8 A RS O N 1 1
0.8 0.9 1 1.1 1.2 13 . 1 1.1 1.2 1.3
Memrx(dev) Memtx(daf)

Resolution better ~42%

13



RGA-SIDIS MC with BG
RGA-SIDIC MC Validation by Harut

Angle Resolution and Reconstruction Efficiency for exrt Channel
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RGK Winter18 Run 5922

RGK Validation by Harut

Al-assisted tracking
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RGK Winter18 Runs 5922-5925

RGK Validation by Daniel
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RGK Winter18 Runs 5922-5925

RGK Validation by Daniel

MM(eK+p)

Al-assisted tracking
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RGK Winter18 Standard cooking Al-assisted tracking s Denoising
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CPU efficiency ~12% better
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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.

|t will be appreciated that anyone contributes on more validations.
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RGA-SIDIS MC

Neg. Tracks

Pos. Tracks

Counts

Counts

35

30

25

20

15

10

e
L

Only forward tracks

|

305

lllllllllllll“jlll

-50

o

:
|
J
.
H
t
|

-20 -10

Vz(cm)

lllllllllllll

0 10

20 30

lllllllllllllllllll'lllllll

Counts

Counts

Resolution: Vertex

x4 vZ
35 - 1 | | 1 1 1
- amp 326914931
- C mean -2.794
- sigma 1.843
25 :_ X%/ndf 3882.274
20 -
15 -
10 -
s .
0 :l | - l Ll Ll l | l Ll | l 1 | | - l Ll 1 ] l |
-50 -40 =30 =20 -10 0 10 20 30 40
Vz(cm)
x5 7
o : : : : " |amp  468016.661
a mean -3.174
Y - sigma 2.015
- xindf  2538.966
3
2|
i |
-
0 -l Ll _l l Ll L l | —— | l 1 | I l Ll L l | —
-50 -40 =30 =20 -10 0 10 20 30 40
Vz(cm)

21

Counts

Counts

- Red: ai/dev

x4 vZ
40 _- ) ) ] ] ] 1
- amp  367808.586
35 mean -2.906
: 11.1% sigma 1.659
30 - ‘ Xindf  6955.644
25
20
15
10
o:lllllllllllllllllll lllli\lﬁlllllllllllllll
-50 -40 -30 -20 -10 0 10 20 30 40
Vz(cm)
x5 vZ
: : : : : : " |amp 523742433
= mean -3.010
- 7.8% (- sigma 1.869
+L X%/ndf 4350.501
b
2=
= \
0 ..l Ll l Ll ] l | - l l“:lll/l L1l l ;\IHI—MI | l Ll ]l l Ll 1l
-50 -40 -30 -20 -10 0 10 20 30 40
Vz(cm)



RGA-SIDIS MC
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No denoising

RGA-SIDIS MC Only forward tracks _
Resolution: M(r+n-) for 3-FSP Channels
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RGA-SIDIS MC

ep — et X

ep — e'pX

Counts

Counts

Only forward tracks

2000

1500

1000

llllllllllllll]lllll.

1.0

|

M, (ep— e'n*X) (GeV)

1200

1000

200

lllllllllllllllllllllllllllll

L

0
g
o

-0.5

JM
b |

0.0

0.5

1.0

| )

sz(ep—' e'pX) (GeV?)

2.0

2.5

3.0

Counts

Counts

2000

1500

1000

300
200

100

]
—

24

= ' ' ' : amp  427.383

i mean 0.952

3 sigma 0.031

- X%/ndf 6.505

i 1 Ll l l 1 I 1 l 1 l 1 | 1 l 1 1 1 1

0 0.5 1.0 LS 2.0 25 3.0
M, (ep— e'n*X) (GeV)

= 1 1 1 ) ) I

- amp  327.205

5_ mean 0.035

— sigma 0.048

= X%/ndf 2921

E :

E 1 l Ll 1l 1 l Ll 1l 1l l Ll 1l 1 l Ll 1l l Ll 1l l Ll 1l 1

0 -0.5 0.0 0.5 1.0 | ) 2.0 2.5 3.0
Mxl(ep—» e'pX) (GeV?)

Counts

Counts

Resolution: MM for 2-FSP Channels

No denoisin

- Red: ai/dev

2000 — I ' l l amp  648.398
i mean 0.947
L sigma 0.024
1580 [ ’F"“ i xindf 6513
1000 |—
» o
b 29.2%
0 i 1 1 1 l 1 1 L 1 1 1 l 1 1 1 1 l 1 1 1 l 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0
M, (ep— e'n*X) (GeV)
1200 |~ ' ' ' ' ' amp 437967
E mean 0.027
1000 — sigma 0.040
- X%/ndf 3136
800 [~
"F Wﬂ%
4w - 20.0% | w
200 |-
0 :I Ll _l l - — l L1 11 l L1l 11 l Ll 1l l Ll 1l 1 I Ll 1l l Ll 1l 1
-1.0 -0.5 0.0 0.5 1.0 | ) 2.0 25 3.0
sz(ep—’ e'pX) (GeV?d)



RGA-SIDIS MC Only forward tracks _

Resolution: W (Mx of ep — ¢’ X)) for 2-FSP Channels
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RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella

No background; 3-FSP Channels; dev
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RGA-SIDIS MC

Only forward tracks

No background; 3-FSP Channels;

| I

Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC Only forward tracks

Validation for RGA-SIDIS MC by Raffaella

Background; 3-FSP Channels; dev
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RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC

Only forward tracks

Al-assisted tracking

Validation for RGA-SIDIS MC by Raffaella
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RGA-SIDIS MC Only forward tracks _
Validation for RGA-SIDIS MC by Raffaella

Background; 2-FSP Channels;
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RGA-SIDIS MC with BG

Reconstruction Efficiency
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RGK Winter18 Run 5922 Only forward tracks Only fiducial cuts
Resolution: Vertex Z _Red: dev
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RGK Win18 Run 5922 Only forward tracks

Al-assisted tracking

Resolution: MM for 3-FSP Channels reo ce

Denoising
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RGK Win18 Run 5922  Only forward tracks Only fiducial cuts
Resolution: M(r+n-) for 3-FSP Channels

- Red: dev
't X ‘o T X ‘o~ X
ep — em T EP — € PT Ep — € PT
2000 +— 350 800 :h T =
oo - ..
1500 {— 600 - ’
500 :_ B
2 RN
3 1000 |- 5 4°°;— 7
wk ..
500 — 200 E— ..
. 100 E- -
0 [ — 0 - I T - [ — [ 0 - [ T - [ — hl—hLl—h—H—
0.0 . 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
M(nm) (GeV) M(nm) (GeV) M(nm) (GeV)

37



RGK Win18 Run 5922  Only forward tracks Only fiducial cuts
Resolution: MM for 2-FSP Channels ... ...
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Only forward tracks

Al-assisted tracking

Resolution: W (Mx of ep — ¢’ X)) for 2-FSP Channels
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- Red: dev

ep — e'pX

Counts

3.5 0.5 1.0 1.5 2.0 2.5 3.0 3.5
W (GeV)



CPU Efficiency
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e Significant contribution on CPU efficiency improvement from
resetting conditions for tracking iteration termination is not
counted here, since it has been applied for pass?2.

» 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.
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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, t., t,) 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, 0, ¢, g/p) is in plan.

- More Al-technigue applications are in discussion.
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