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Present 3D NN use only one prior wire per every
Track Segment.

With UT4 Module, more input is possible for NN
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" In the same order of prior wire (0.4cm to 1.4cm)

wires
per layer: 160 160 192 224 256 288 320 352 384

Could be used to improve the resolution of NN.
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First attempt: Directly use TS pattern as input
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Directly use 11/15 bits pattern as input

Since L/R information are got from pattern, hoping could replace L/R with it



Second attempt: Use extra wire(s) with full information
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Fastest Wires
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24130 (except prior)

(a) only drift time (b) left/right known (c) crossing angle

SHONDE
Using wires with no hit as input would decrease resolution significantly
Build up L/R look up table for every wires in TS

Choose the 1(2,3) wire(s) with fastest £4,-;r; and with L/R know first (if
applied)




MC Test

MC :
Train Sample
Particle gun:
muons; single tracks;
Pt :[0.3 GeV,3 GeV], uniform;
®: [0, 360],uniform;
0:[0,170], uniform;
Vertex z0: [-50, 50], uniform;
N events: 300k
Validation Sample:
Same config;
N events: 20k
Test Sample:
Same config;
N events: 50k

Z0 distribution
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L/R information for every Wires in TS

Correct undecide FO”OW the Old Way tO bUlId Up a LUT
12 | for every wires in TS

; Use MC without Bkg first

o left if ngp >pn, +ng)+ 30

L/R state = { right if ng >pny +ng) + 30

06 [ ) )
undecide otherwise

0.4

0.2 l Choose P = 0.7 for LUT.

02 03 04 05 06 07 08 09 Since undetermined rate is high,
P when use LUT, only require one
extra wire




Use pattern to replace L/R

Trained NN based on MC

o_z(cm)

Standard
—Only L/R —
Use Pattern & Has LR

\

No L/R

No Drift Time ETF : Set Event TO as zero for precise tgyf;
Use Pattern & No LR

e Pattern input can not fully replace L/R. Even with both
pattern and L/R, no improvement for the standard model

Only L/R

0.5 0.7 1 15
P_t (Gev)

No Drift Time
- |Jse Pattern & Has L/R
Use Pattern & No L/R

2 2.5 3




Extra wire as input

o_z(cm)

3.5

2.5

Standard

3 Wires & No LR

0.5

0.7

1 Wire & No LR ——2 Wires & No LR

1 Wire & L/R

1 15
P_t (Gev)

2

2.5

Trained NN based on MC

ETF : Set Event TO as zero for precise tg,ir;

Add More wires without L/R make little improvement

Add wire with L/R could make slightly difference in MC

Standard

1 Wire & no LR
2 Wires & no LR
3 Wires & no LR
1 Wire & LR




Extra wire as input -- fastpriority

Standard FP 1 Wire & No LR ——2 Wires & No LR = Standard
4 3 Wires & No LR 1 Wire & LR ~ 1Wire&NolLR

3.5

Standard
1 Wire & LR

0.5 0.7 1 15 2 2.5 3
P_t (Gev)




Hidden Layer

—Nodes 27 ——Nodes 54 Node 81
Nodes 104 ——Nodes 135 ——Nodes 162
—Nodes 189

Different Hidden nodes

0.5 0.7 2

1 15
P_t (Gev)

Trained with MC, event t0 =0.

—1 Layer ——2 Layer 3 Layers 4 Layers

Different Hidden Layer

0.5 0.7 1 2.5

1.5 2
P_t (Gev)

Different hidden Layers / nodes do not make large difference in standard model

Add more wires do not induce other relationship, keep hidden layer as before.



Masked Super Layer

—Standard ——MO M2

6 ——M8 —M all axial

Masked Axial SL

0.5 0.7 1 15 2
P; (Gev)

—Standard =—M1 M3 M5 —M7

Masked Stereo SL

To see the importance of each super layer, masked each one for the training &

testing for NN.

Axial layer contribute little to the NN, even masked all, resolution decrease little




Masked Super Layer

—Standard ——MO M2

6 ——M8 —M all axial

Masked Axial SL

0.7 1 15 2
P; (Gev)

—Standard —M13 M15
M17 — M35 —M37
—M57

Masked 2 Stereo SL

To see the importance of each super layer, masked each one for the training &

testing for NN.

Axial layer contribute little to the NN, even masked all, resolution decrease little




Train with real data

Train Standard model and one extra wire
model (with/without LR) with exp26 runl771
& exp26 runl762; beam-reco-monitor. aoom 5 5

ETF option :fastpriority - /f;; '::13\ .
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Test with real data exp26 runl1771

Standard Model Extra Wire 1 No L/R Extra Wire 1 with L/R

Means 1 = 0.061 + 0.077 Means 1 = 0.061 +0.075
Means 2 = -1.960 + 0.24 Means 2 =-1.782 + 0.24
N1 = 5591 £ 165 N1 = 5678 + 156

N2 = 3386 +158 N2 = 3307 + 148

sigma 1= 4.12 £0.10 ‘ sigma 1 = 4.081 + 0.096
sigma2= 12,10 £ 0.24 sigma2= 12.38 £0.25

Means 1 = 0.133 +0.072

l‘tg Means 2 = -1.772 + 0.22
]] i

z&E < 10cm

N1 = 5386 + 156

N2 = 3595 + 149

sigma 1 = 3.695 + 0.099
sigma 2 = 12.08 +0.23
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NN Z0 - Reconstructed Z0(cm)
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Means 1 = 0.35 £ 0.27
Means 2 = 2.25 +0.77
N1 = 2746 + 101

N2 = 2401 £ 100
sigma 1= 9.73 +0.34
sigma 2 = 36.00 +0.75

Means 1 = 0.80 +0.26
Means 2 = 1.30 +0.76
N1= 2714 £99

N2 = 2430 +98
sigma 1= 9.35 +0.34
sigma 2= 36.13 +0.74
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Means 1 = 0.41+0.24
Means 2 = 1.84 +0.79
N1 = 2828 + 96

N2 = 2328 + 94

sigma 1= 9.09 +0.31
sigma 2 = 36.83 +0.77
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NN Z0 - Reconstructed Z0(cm)
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NN Z0 - Reconstructed Z0(cm)
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Test with real data exp26 runl1771

Standard Model Extra Wire 1 No L/R Extra Wire 1 with L/R

z0_RE:z0_NN z0 RE:z0 NN z0 RE:z0_ NN

Training still need to be improved.




Summary & Plan

Summary
a) Add extra wires with L/R could improve the resolution of NN
b) Hidden layer has little influence of NN
c) Directly use pattern as input can hardly improve performance under

current structure.

Plan

a) Switch training method to pytorch
b) Enlarge the real data training set

c) Generate a better LUT for all wires with real data




BACK UP



How to calculate out z0O&z0 uncertainty

Y Drift time would influence:
. (Varirtlarift€OSQ
trgckfwire (:bhit — (:bwire i arcsm( Toire

\ track / layer Thit = Twire * VarifttarifeSINA

So the 8tgrifr would influence Peross and 1yire

If we ignore 1yre cOmparing with ot gy, (With small
a and large P, )
Az, could be consist of Az.,.pss (from 3D Fitter /NN )

With direct cross stereo wire: And A(cot 8, =) (From 2D track)
1 w
~ —_— 1 f— . = J— r 1
Geross~Po — arcsin (2 rwzrew> = ¢y —a(r,w) And: AZ ppss = _S‘i/:i:; \/(A¢cross)2 + (Agg)?

Zeross — 2B = Peross — P Still, ignore n comparing with 6t
ZF _ ZB ¢F _ ¢ B ) wire arift:
Apcross X ~0.03° — 0.08° (varied from 1)

2a

Zn = Z —cotlB, —
0 CroOSS 0 w A¢B~

vdT‘fit cosa

Atarift

Twire 18



Input Parameters

FHD1 2 OT1
x10° FADT 2
50— - = 10° oT1
= e e —— Entries 570867
45— St Dev 0.08317 - Mean -0.003095
E : = Std Dev  0.2073
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For ETF Hough
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+-1 = t_drift <t_event_time in ETF Hough

Old dealing method, if t_drift <
0 = Set t Drift ==t max--
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Exp24 run 2004

ETFTO-EventTO

htemp
Entries 2680
Mean 14.21
Std Dev 6.083
%2/ ndf 143.8/25
Constant  473.8 + 13.0
Mean 13.7 £ 0.1
Sigma 4.272 +0.081

|
™
o L
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ETFTO T FPTO |

ETFTO-EventTo
FPTO-EventTO
htemp
— Entries 14267
— Mean 7.682
C Std Dev 26.35
L1 I I T N B N e
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FPTO-EventTO
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Detail result compare with zO

Counts

Counts

400

350

300

250

200

150

100

50
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Means 1 = 0.133 +0.072
Means 2 =-1.772 £ 0.22
N1 = 5386 + 156

N2 = 3595 + 149
sigma 1 = 3.695 + 0.099
sigma 2 = 12.08 +0.23

4

b
=]

10 TR R—T
NN Z0 - Reconstructed Z0(cm)
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350

300

250

200

150

100

50

50

Means 1 = 0.061 = 0.075
Means 2 =-1.782 £ 0.24
N1 = 5678 + 156

N2 = 3307 + 148
sigma 1 = 4.081 + 0.096
sigma 2 = 12.38 +0.25

Counts

60

50

40

30

20

Counts
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Means 1 =-0.131 £ 0.31
Means 2 = -2.251 + 0.68
N1 = 923 +83

N2 = 723 + 81

sigma 1= 6.02 + 0.41
sigma2= 16.17 £ 0.74

NN Z0 - Reconstructed Z0(cm)

g0 Means 1 = -0.527 + 0.31

Means 2 = -1.924 + 0.67
N1 = 900 +83

N2 = 748 + 81

sigma 1= 6.06 +0.43
sigma 2= 16.39 +0.73

50

40

30

20

ill]lll\‘\ll\lllll‘\\lllil\ll

NN Z0 - Reconstructed Z0(cm)

10-20

Counts

Counts

80

70

60

50

40

30

60

50

40

30

20

SH

Means 1 =-0.410 + 0.46
Means 2 = 0.21 +0.78
N1= 726 +37

N2 = 737 £35

sigma 1= 7.59 +£0.39
sigma 2 = 19.02 + 0.55

TJIM

6
NN Z0 - Reconstructed Z0(cm)

Means 1 = 0.70 £ 0.70

Means 2 = -0.919 + 0.60
N1 = 908 +59

N2 = 566 + 56

sigma 1= 18.63 £ 0.60
sigma2 = 7.76 £ 0.39

pJepuels

40 60 80 100
NN Z0 - Reconstructed Z0(cm)

20-30
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Detail result compare with zO
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25

20

Counts

Means 1= 2.5 £1.2
Means 2 =-4.29 + 5.0
N1= 359 + 68

N2= 121 +64
sigma1= 16.2 £1.7
sigma2= 313 +4.7

NN Z0 - Reconstructed Z0(cm)

Means 1= 2.7 +2.0
Means 2 =-0.75 + 2.3

30

N1 = 237 +22
N2 = 240 +43
sigmai1= 15.0 £+1.7
sigma2= 25,5 +1.4

25

20

Counts

Counts

60

50

40

30

20

60

50

40

30

20

Means 1= 3.7 £2.0

Means 2= 104 +1.9
N1 = 1074 £ 63

N2 = 576 +59
sigma1= 58.0 +1.7
sigma 2 = 24.48 +0.38

NN Z0 - Reconstructed Z0{(cm)

Means 1= 4.1+1.9
Means 2 = 12.5 + 2.1
N1= 1118 + 65

N2 = 532 + 60

sigma 1= 57.3 £+1.7
sigma 2 = 24.63 +0.42

NN Z0 - Reconstructed Z0(cm)

TJIM

pJepuels
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Real data test —Train with exp24 run 2004

Train NN with exp24 run2004 and exp26r1968

Test with exp24 run2004(sorry not unpacked another one for test)
And exp26 run 1777 (which use for trigger study with zO in any range)

exp24 run2004

Origin with ETFHough Wire 1 with ETFHough Wire 2 with ETFHough

Means 1 = -0.0622 + 0.017
Means 2 = 0.17 +0.10
N1= 26761+ 183

N2 = 7027.2 +8.7
sigma 1= 2.243 +0.015
sigma 2 = 7.841 £ 0.097

Means 1 =-0.1865 + 0.018
A Means 2 = 0.10 £ 0.12

N1 = 20788 + 161

N2 = 5460.6 + 7.7

sigma 1 = 2.273 +0.017

sigma 2 = 7.68 +0.10

Means 1 = -0.2090 + 0.017
Means 2 = 0.66 +0.17
N1= 15035 + 132

N2 = 3845 + 30

sigma 1= 1.796 + 0.016
sigma 2 = 10.07 £ 0.14

10 20 30 40 50 10 20 30 40 50
NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(cm)

10 20 30 40 50
NN Z0 - Reconstructed Z0(cm)




Real data test —Train with exp24 run 2004

Train NN with exp24 run2004 and exp26r1968

Test with exp24 run2004(sorry not unpacked another one for test)
And exp26 run 1777 (which use for trigger study with zO in any range)

exp26 run 1777

Origin with ETFHough Wire 1 with ETFHough Wire 2 with ETFHough

Means 1 = -0.1549 +0.048 Means 1 = -0.1572 + 0.050 2 Means 1 = 0.063 £ 0.073
Means 2 = 2.57 +0.38
N1 = 4460 + 82

N2 = 4387 + 81

sigma 1= 2.521 £ 0.054

sigma 2 = 24.65 + 0.31

Means 2 = 3.48 +0.35 500 Means 2 = 3.21 + 0.50
N1 = 7304 + 110 . N1 = 3307 +74

N2 = 5968 + 103 ¥ N2 = 2764 +70

sigma 1= 3.347 +0.060 400 sigma 1= 3.312 +0.087
sigma 2 = 26.60 + 0.31 ‘ sigma 2 = 25.80 +0.43

it
4 60 80 100

40 60 B0 100
- Reconstructed Z0(cm)

20 20 60 80 100
NN Z0 - Reconstructed Z0(cm) - Reconstructed Z0(cm)



Track Segment ID

Consider the Delta Z distribution of those NN choose wrong hit

htemp1

Entries 2377
Mean 6.558

SL, Wrong Hits
SL; Wrong Hits Std Dev 15.87

SL;Wrong Hits
SL,Wrong Hits
AllL TS close to the RecoTracks

exp024run2004



Track Segment ID

Consider the Delta Z distribution of those NN choose wrong hit

SL, Wrong Hits
SL; Wrong Hits

SL;Wrong Hits
SL,Wrong Hits
AllL TS close to the RecoTracks

n e w ey e oo il SN

80 ~60 40

exp026runl/ /7



