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Trigger menu and rate @ 2022/6/9, exp26r1261 CDC TRG rate contribute
large part of total L1 trigger

-Total L1 rate=~11.5kHz, Luminosity="4.5 X 10734 T.Koga-san
-Rate of standard bits (ffy+fyo+c4+hie) = 4.7kHz: need to keep until end of Bellell \y/a \want to reduce it by 50%
-Others are 6.8kHz event triggered by upper bits are excluded in lower bits in table
. __—» CDC TRG:
Category Bit name and condition Raw r=ic ' Exdiusive
T rate (+i1z) CDCTRG Modified Module Required rate
. reduction to achieve 50% (status)
CbC B—phafyes : #full track>=3 : : CDCFE crosstalk filter, ADC ~10% (not yet)
standard bits fyo: #full track>=2, A$>90deg, |z|<20cm 0.73 CDCTRG 2D ~20% (achieved by simulation)
ECL B-physies cd: #cluster>=4 0.26 CDCTRG NN, 3D, 3DHough ~30% (not yet)
standard bits hie: Energy sum>1GeV 1.54 Total ~50%
Subtotal 4.7 (CDC-ECL matching) 30~50% (achieved by data, not used)
KLM t/dark kimb2b, eklmb2b, beklm: Back to back sectg . 0.46 .
cdcklm, seklm, eclekim: #CDC-KLM, ECLKCM matching>=1  1.11 0.83 What | working on
CDC t/dark stt: #full track>=1, |z|<15cm, p>0.7GeV 2.93 1.37 Need events with |z|<1
syo: #full track>=1, #short track>=1, Ad>90deg, |z|<20cm 1.93 0.63 N t at 20/15cm
fy30: #full track>=2, Ad>30deg, |z|<20cm 2.59 0.22 Cut at 20/15¢ ) )
. —> Better resolution for z could restrict the cut
ECL t/dark Iml: several combination of #cluster and energy 3.92 2.18 ] ) ) ..
eclmumu: back to back low energy hit 0.63 0.01 -2 reJeCt more Bkg while keepmg eﬁICIenCy
Calibration PID (two photon) 0.35 0.16
with prescale>1  Other (Bhabha, vy, random, trg) 1.00 0.60 Main idea for NN: Im prove z reso lution
Total L1 OR of all bits 115 115 a



Motivation —-Problem for CDCNN TRG

“Feed Up” and Feed down in large reco track z area all reco tracks z [om]
hwZOvsRecoZ recoZ0
= 100 | E:tries > 1e53089% - . feed-down = 10* 10° Entres 3274236
S. - [Meanx 2ze2 ; - w = May due to the not
— | Mean 3.693 il . . .
< | Supevx 3125 ! - o 2| proper z distribution
o 50 H = 103 ..
= : for Training set
£ 10
S O = 102 ‘3 (Give large weigh
Cut for the STT: 10 on track at IP)
|z] <20cm _106'"—slu""é.“'sbu.lmﬂ
-50 10 reco z distr
--C. Kiesling @ Could be reduce by better Training set
100t ( Or put more weigh on large z area)
Tl =i =l U _rggo Tr;g? z[cr:qu’o @ Add extra input may also improve it
Fake track rate increase
Fake nn mult zero prongs, STTF Fake nn mult Zero prongs, S1IF
12000 F ———  S0000F — E——
10000 Mean 3476 40000 f_ Kean 2425
: Exp 24 LR | Exp26end  l==_:=| [ Not try yet... Will perform detail
8000 C
- 30000 ..
6000 fract. of STT fakes : fract. of STT fakes categorizing for recent data
2000k (incl.): 1.0% -zouno} (incl.): 9.5%
: Umé @ Willtry to use ADC inform to reject some
[ 1 C 13 i“
2000 —Lm : L» Fake Track Segment* and reduce Fake
0 L C

° ’ 10 FAKEéﬁnnhwmuﬁﬂ % 5 0 15 20 Track
FAKES nnhw mult



Present 3D NN use only one prior wire per every

“Track Segment” as a Track Segment.
minimal unit CDC TRG

With UT4 Module, more input and larger NN is
possible for CDCTRG NN

J For extra wire even with Otyyipe~32MS
: 2a
) ) Q
T ° Zo = Zeross — €Ot 0 o
Prior wires @ \ .
wire
3 AZcross = Sinlp\/(Aqbcross)z + (Agp)?

SL 3 g 7le7dSL8
_ SLL4 67mrad SL6 —/imra . . i
4655;1 SL 2 ‘Zf;efjd Dl Cead el stereo axial 1N€ AZgpogs calculated by a single wire is (P, >

SLO stereo, .- Letiiniiiiitizig it e IRy 0.4GeV)

.y AZrpss ~ 2.0 cm to 3.4 cm

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

Wires hitina TS -- Plan to add

@  Priority wires - Already used Can be used to improve the resolution of NN. ﬂ

In the same order of prior wire (0.4cm ~ 1.4cm)



How CDCNN TRG work

4

A

1. Get 2D Track from CDC2DHough (Calculate from
all axial layer)

2. Set relative range based on previous RecoTracks
3. Find out all TS in relative range

4. Select out one TS for every SL ( first with left/right
known; next with smallest drift time)

v

CDC cross-sectional schematic
( Only stereo layer showed)

if n TS selected >3

5.1 Use parameter from selected TS and 2D track
as input for 5 different NN (for varied missing SL):

9 ®dret = Gwire — Peross
") a: from 2D track and crossing SL

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

clse SEONON

5.2 Not build 3D NN track




What we want to add

1. Get 2D Track from CDC2DHough (Calculate from
all axial layer)

A

2. Set relative range based on previous RecoTracks

3. Find out all TS in relative range

4. Select out one TS for every SL ( first with left/right
known; next with smallest drift time) Might be improved |
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if n TS selected >3

5.1 Use parameter from selected TS and 2D track
as input for 5 different NN (for varied missing SL):
5.1.2 Select out 1/2/3 wire(s) for every TS ( not prior
one; first with left/right known; next with smallest drift
time)

5.1.3 Use parameter from selected TS, 2D Track
and selected extra wires

CDC cross-sectional schematic else
(Only stereo layer showed) 5.2 Not build 3D NN track ﬂ



Check the L/R impact for NN

How to determine Left/Right:

o(cm)

N L E— A certain pattern ->Count over a large number of events and find the most likely L/R
: w o g Only for prior wire, not available for extra wires
H 111 7 H f)
=] Wire w/ signal Build a “Full LUT” for every wires”
> track Trained NN based on single track MC w/ fann
+ Standard = No L/R
Only L/R No Drift Time L/R is extremely important for currently NN

x Use Pattern & Has LR e Use Pattern & No L/R

8

7

6

X @

0.5

» o

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

[ n " L u :
6000 === Standard
= No L/R
5000 — Only L/R
- No Drift Time
sg0o[— Use Pattern & Has L/R |
- —— Use Pattern & No L/R [’
® ® ® ® P 3000:—
* % % % % 2000;
1000—
- L
l 15 2 25 3 5 Oi‘l“‘\\\‘l\ll‘—L—'Y T I h‘-‘-’r—‘|4\|\|\\|\‘\\||
)2 (581}) 50 40 30 -20 10 0 10 20 30 40 50
t NN




Build L/R LUT table for every wires in TS

Following the old way to build up a LUT

m Correct ®Wrong undetermined
100%

. for every wires in TS
90% I I
80% Use MC without Bkg first
70% .
- I left if ng >pn, +ng)+30
0 L/R state = { right if ng >pn, +ng)+ 30
S0% undecide otherwise
0.2 0.3 0.4 0.5 0

ratio

40%

o =/(n, +np)p(1 — P)

Choose P = 0.7 for LUT.

30%
20%
10%

0%

5 o7 08 oo Since undetermined rate is high, for
P more wires (>1) case, undetermined

Result over all wires with hits .
events Increase

(exclude prior one)



Build L/R LUT table for every wires in TS

ratio

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
98%
96%
94%
92%
90%
88%
86%
84%
82%

m Correct Sig

For signal
undeterminded Sig  ®Wrong Sig

0.5 0.6 0.7 0.8 0.9

0.5

Fderg

undeterminded Bkg ®Wrong Bkg

0.6

0.7

0.8

0.9

0.95 b

0.95 p

build up a LUT include Bkg

Use MC with early Phase Ill Bkg

L/R state(Bkg) = signal: | otherwise
Bkg: if ny > b(nTotal)

Want to got correct sig & undetermined
Bkg (Which will have a low priority for Bkg
hits) as much as possible

Choose b = 0.8 for LUT. To make sure that

for a TS, we have large possibility to find at
least one extra wires with L/R known

Will generated LUT with Recotrack soa



First attempt: Use extra wire(s) with full information

1ahe|
ndino

1aAe| Jadng auQ

Fastest Wires
o) — :
4|3 - o
(except prior) T~
2110
(a) only drift time (b) left/right known (c) crossing angle -
S ' 81 nodes
_ 27+ 27* #wires 1 |ayer

RGNS
- nodes

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) w/ L/R know first (if applied ) and fastest tg,.; ¢




MC :
Single track w/o Bkg;
uniform Pt,®, 0 and vertex z

o(cm)

Z0 distribution o

33333

60 80
Reconstructed Z0 (cm)}

4

3.5

3

2.5

2

15

1

0.5

0

X
X
X
% X
X
X = o M
0 A X X
0 0.5 1 1.5 2 2.5 3 3.5

Standard FP
2 Wires & No LR

x 1 Wire & LR
Not large but could see improvement with L/R

known extra wires

1 Wire & No LR
x 3 Wires & No LR

MC Test

P; (Gev)



Pytorch training with real data

Data: exp26runl756-1780 (w/ beam reco monitor) (random separated to two set)
Generate training data with Extra 3 wires with LUT
Change training method to pytorch - faster convergence and better optimization

Using simulated ETFHough

Reco Z distribution for data ;
) e Event display ETF compare with FP
o EXP261UNLTS6
- FP - Event TO=—
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Pytorch training with real data

(S u m Over al | fl VES eX p e rtS) Trg efficiency = #]zo| from RecoTracks < 1 &&# |zo| from CDCNNTrack < cut

20 reco vs z0 nnhw #|zg| from RecoTracks < 1
; 100 . _ #|zo| from RecoTracks > 1 &&# |zg| from CDCNNTrack > cut
|| :l;r:n3?}3ff; Rejected rate = #|z,| from RecoTracks > 1
T 75 A
80000 A Std: 14.479 .
Trimmed std: 6.828 50 4 L 103 Regardlng a. needed
O 5 . 2 events as [z0|<1 and
o 5 z0 cutat 15 cm
© — E 0 - 102 %
% +— 40000 E : A §
S 25 = e i~ .
o CIEJ l : ¢  TRG Efficiency:
m 20000 - 0% 10° 94.6%
s — « = Cutat 15 cm
0 T ! ! —100 - T T T T T T T 10° Rejected rate: 50-8%
—-100 75 50 75 100 -100 -75 -50 -25 0 25 50 75 100
z(Reco-Neuro) (CM) reco Track z

20 reco vs z0 nnhw

Num: 393891 100
Mean: -0.216
Std: 12.974 75
Trimmed std: 5.632

4

100000 A

TRG Efficiency: 96.2%

I

@ 80000 - “ c 90 L 10 ]
- J{ s ¢ Rejected rate: 53.5%
@ b :

60000 8 >
S 4 II S B ¢ Better performance
T = - i comparing with standard
= il

" one, especially for large
z0

|
~
wu

20000 A il I s B
‘l = = = Cutatl15cm
0 ' ; ' ' ~100 4 ;

-100 -75 -50  -25 0 25 50 75 100 2100 —75 -50 -25 0 25 50 75 100
z(Reco-Neuro) (CM) reco Track z (CM)

10°




Details performance at different zO

/<1

NN Z0 - Reconstructed Z0(cm)

NN Z0 - Reconstructed Z0(cm)

1<7<10

g oo Means 1 =-0.39459 +0.0093 £ a0 Means 1= 1.380 £ 0.045 £ B Means 1 = 0.697 +0.054
3 B Means 2 = 2.502 + 0.041 3 - Means 2= 4.51+0.14 S 000l Means 2 = 2.40 +0.13
12000~ N1= 155192 + 631 1000l N1 = 19973 + 204 = N1= 21161 + 361
10000 - N2 = 83445 + 570 - N2 = 13497 + 282 B N2 = 16959 + 354
] sigma 1= 2.779 +0.011 w0l sigma 1 = 4.502 + 0.059 800— sigma 1= 5.308 + 0.073
U 8000 — sigma 2 = 10.417 £ 0.036 - sigma 2 = 14.09 + 0.13 L sigma 2= 15.29 +0.14
| - r - 600
CG U o 600 — B
o GODDT : :
U - 400_— 4007—
(- e 4000~ - B
D C C -
CU q) 2000(— 200 200/ —
d . C B
U) E 0 T80 80 40 20 0 20 4|n"'610“'alu“1éo " e bt ol Lo 1 L T
-80 -60 40 -20 0 20 40 60 80 100 -80 -60 40 =20 0 20 40 60 80 100

NN Z0 - Reconstructed Z0(cm)

10<Z<20

‘g 16000 |— . Means 1 = -0.03851 +0.0078 2 B | Means 1 = 0.364 +0.046 2 r Means 1 = -0.2539 + 0.049
. < ‘ N =-0. +0.
8 r Means 2 = 2.173 +0.041 8 el : Means 2= 4.35 +0.19 é o Means 2= 3.04 +0.17
GJ e N1= 168321 + 621 » N1 = 23939 +300 n N1= 25758 + 367
C 12000 — N2 = 69963 + 535 - N2 = 9505 +274 1900, /— N2 = 12346 + 347
= sigma 1= 2.5336 +0.0094 800 — sigma 1= 5.305 +0.053 B sigma 1= 5.624 +0.064
(@) 10000 [~ sigma 2 = 9.732 +0.038 - sigma2= 14.61 £0.18 800 [— sigma 2= 15.20 +0.17
C 600 — r
cs 8000 — L -
= - 600 —
b G) 6000 [— w0 C
} S - o 400 |—
>< " — 4000 [— i -
I I I ; - 200 (— B
2000 - B oo
0:..|...|‘..|.. faaalagedans P PRI SIS P i - | | | | | |
-80 -60 -40 0 40 60 80 100 80 -60 -40 40 60 80 100 0 s T -

-80 -60 —-40 : 20 40 60 80 100

NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(cm)

NN Z0 - Reconstructed Z0(cm)




Details performance at different zO

‘g C Means 1 =-0.3311 £ 0.084 2 - Means 1 = -3.273 +0.36 'g B Means 1= 3.15 +0.49
700 — 5 - E
3 = Means 2 = 0.62 +0.16 g = l Means 2 = 0.44 +0.46 8 0| Means 2 = -21.704 + 0.26
so0l— N1= 17772 + 373 140— N1= 5382 +104 o N1= 16283 +222
E N2 = 17521 + 368 s N2 = 5414 + 85 500 [— N2 = 13604 +216
500 — sigma1= 712 +0.11 120— sigma 1= 13.58 +0.29 C sigma 1= 45.86 +0.30
© E sigma 2 = 18.83 + 0.17 - sigma2 = 25.14 +0.29 ao0 [ sigma2= 19.056 +0.011
o 400 — C -
CG = E 80— 300 [—
o 300 — - F
© B 60— -
(- O 200/ — C 200
CU — C 40— -
GJ 100 — - 100 —
— - 20— E
E ; - E
U) E 0 20 40 60 80 100 9100 : 20 0 20 40 o 0 0;00 Ty = . - 50 ‘: = 150
NN Z0 - Reconstructed ZO(cm) NN Z0 - Reconstructed ZO(cm) NN Z0 - Reconstructed ZO(cm)

20<Z<30 30<Z<40 40<Z

900 200

2} = . —
s UF Means 1 = -0.9221 +0.064 g Means1=-1.282 z0.22 | £ ™F Means 1 = -1.559 + 0.39
O s Means 2= 1.50 +0.17 8 1 Means 2 = -0.311 +0.36 8 600 = Means 2 = -9.721 +0.23
Wb N1= 20712 4392 veo N1 = 5314 =103 - N1= 16222 +227
O = N2 = 14557 +384 - N2 = 5414 +28 wob N2 = 13663 +221
E i - 140 — —
600 |— sigma’l = 6.571 +0.095 B sigma1= 9.52 +0.20 - sigma 1= 43.93 +0.32
- 500 - sigma2 = 17.42 +0.18 120 [ sigma 2= 23.64 +0.25 oo sigma 2= 17.2055 +0.0058
o - 100 E
400 [— — —
cs - - 300 —
= 80 — C
: S - E_ 60 E— 200 :—
>< o 200 |— - -
~ = 40— =
I I I < 100 |— C 100 —
- - 20 — -
N S - - o 5 ‘ .
80 60 ,ioN ZO _ gecons::ucted ;Oo(cm) 100 91 00 -80 —60 —40 -20 0 20 40 60 80 07200 —-150 —-100 -50 0 50 100 150
NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(

Still some “feed down” and feed up = leakage of training data?



More Extra wires?
Extra one wire

Num: 393891
" Mean: -0.216
100000 1 Std: 12.974
Trimmed std: 5.632
80000 - Jl
60000 A II
40000 1 ‘l
20000 4
0 T T i T T
-100 -75 -50 -25 0 25 50 75 100
z(Reco-Neuro)
20 reco vs z0 nnhw
100 To¥
Num: 393891
i * Mean x: 3.642
Std x: 21.372 §
s0d- Mean y: 3.858 4
4 Std y: 16.826 3 F10°
N 251"
V4
v
©
= 0 L 102
= 10
<
[ =
S -25
—-50 10!
=75
—-100 -+ T T T T 10°

-75 =50 =25 0 25 50 75
reco Track z

100

No large improvement (even worse for 3 wires case

logio density of points

Extra two

120000 A
Num: 393891

Mean: -0.194
Std: 12.781
Trimmed std: 5.510

100000 4

80000 1

60000 A iE
40000 ‘l
2

20000 1 II

Y T
5 50 75

-50 -25 0

z(Reco-Neuro)

100

z0 reco vs z0 nnhw

100
Num: 393891
75 Mean x: 3.642 §
Std x: 21.372
50 Mean y: 3.836
Std y: 17.002
257
>
v
o
= 0 -
= 102
=
=
S -25
-50 10!
-75
—-100 : ; . ; 10°

-75 =50 =25 0 25 50 75
reco Track z

-100 100

logio density of points

Extra three

Num: 393891
100000 4 Mean: -0.197
std: 12.694
Trimmed std: 5.538
80000 -
60000 A
40000
20000 -
0 ! ! AJLI— ! !
-100 -75 -50 50 75 100
z(Reco-Neuro)
20 reco vs z0 nnhw
100 1G4
Num: 393891
754 . Mean x: 3.642 i
Std x: 21.372
- o Mean y: 3.839
o Std y: 17.016 - 10°
s 25
L
1)
o
= 0 102
= b 10
<
c r:
S -25%&
"50 i 101
-75§
= - v T T 10°

undetermined wires or not enough hidden layer/ hidden nodes

-50 -25 0 25 50 75
reco Track z

0 T
-100 -75 100

) 2 Might due to the L/R

logyo density of points




Difference between experts for extra 1 wire case

All SL have TS

Num: 316522
|I Mean: 0.016
80000 - Std: 11.844
‘l Trimmed std: 5.280
40000 A j[
20000 A
0 T T _"ih_ T T
-100 -75 -50 =25 0 25 50 75 100
z(Reco-Neuro)
I Num: 323988
80000 - Mean: 0.026
Std: 13.480
I Trimmed std: 5.931
60000 A “
40000 - Ji
20000 A
0 T T JL T T
-100 =75 =50 -25 0 25 50 75 1

z(Reco-Neuro)

00

Missing SL 7

100

100000 A n Num: 345423
Mean: 0.029
Std: 13.090
Trimmed std: 5.864
80000 A “
60000 A JI
40000 ]l
20000 A
0 T I |
-100 =75 50 75
z(Reco-Neuro)
80000 A Num: 320554
Mean: 0.030
70000 A Std: 13.880
Trimmed std: 6.852
60000 A
50000 A
40000 A
30000 A
20000 A
10000 A
U T T T
-100 =75 -50 =25 0 25 50 75

z(Reco-Neuro)

100

Missing SL 5

Num: 320165
Mean: 0.030
Std: 12.831
80000 1 Trimmed std: 5.429
60000 -
40000 -
20000 -
0 T T Y T T
-100 -75 -50 -25 0 25 50 75 100

z(Reco-Neuro)

w/ missing SL1 still got
worst result.

(However, expert O case
dominate the events in
exp26runl756-1780
>80%) ﬂ



Reshape the training set?

We could reshape the data set to randomly (uniform of follow gaus
dist.) pick up events at differentz |

Still want to keep good resolution at IP-> not modified validation set

2500 ~

2000 ~

500 A

—1.00

-0.75 -0.50 -0.25 0.00
z({m)

—— Distribution

B sampled z histogram

W real z histogram

0.25 0.50 0.75

1.00

2500 ~

2000 ~

500 A

—1.00

-0.75 -0.50 -0.25 0.00
z({m)

—— Distribution

B sampled z histogram

W real z histogram

0.25 0.50 0.75

1.00




Reshape the training set?

Norm distribution Uniform distribution

Norm Extra 1 Wires

35000 Hum: 345659 16000 1 Num: 345689 1000007 Num: 345689
Mealk: 3.276 Mean: 4.636 ‘. Mean: -0.269
30000 4 Std: 16.911 14000 - Std: 29.417 Std: 11.954
Trimed std:|11.227 Trimmed std: 22.873. 80000 - Trimmed std: 5.336
25000 12000
10000 J
20000 - 60000
8000 -
15000
40000 A
6000 -
10000 -
4000 -
20000 A
5000 -
2000 -
0- 1 0 — —
-100 -75 =50 =25 . DN 25 50 75 100 2100 -75 —s0  —25 0 25 50 75 100 20 -8 g0 3t o 25 50 75 100
Z{Reco-Neuro) z(Reco-Neuro) z(Reco-Neuro)
z0 reco vs z0 nnhw
100 z0 reco vs z0 nnhw 20 reco vs z0 nnhw
Num: 345689 100 T s e . 100 104
- Mean x: 3.776 _ : it i 10 i 5685 |
Std x: 20.801 75 gan X 28 754 - ean X: 3. :
> ) v Std x: 20.801 Std x: 20.801 &
504.. ., =T i i .);5 611 ¥ coid ; Mean y: -0.860 I s0d.- Mean y: 4.045
- _RC R @ Stdy: 37.151 - e : 10°
% S Pyl £ : ; 8 @
N 25 g‘t‘ﬁ S a5 = 102 S 25 1 3
~ e 102 % i) = Q N a
v o P N o —
g o > 9 e 9 o
= E = & > e Py
2 & = s ~. 102 5
= ) 2 c = &
c o < [ < [
S 254 € S € o
2 -251 g =251 2
S 10! 8 g
—~50 ¥ 504 —50 A 10!
—75 -75 =751
-100 T T T T T T T -100 - - 10° -100 : : . T T r - 10°
-100 -75 -50 -25 0 25 50 75 100 -100 -75 -50 -25 0 25 50 75 100 -100 -75 -50 -25 0 25 50 75 100

reco Track z

reco Track z

Converge soon due unexpected increasing error in validation set...

reco Track z



Summary & Plan

summary

Plan

a)Add 1 extra wire could make improvement for the CDCNN TRG
b)Retraining with recent data & pytorch would also improve CDCNN TRG
b) Feed down and feed up still exist —(reshape of dataset needed?)

c) More than one wire make little difference at current NN structure.

a) Adding ADC into data selection for TS or even wires

b) Try different Hidden layer & Hidden nodes for 2(3) extra wires case

c) Categorize each parts contribution to trigger rate
d) Try to train a parallel NN for fake track




Thanks for your listening and attention!




BACK UP



Introduction-CDC first level TRG

cDe Track Segment build up
hits: superlayer 0 superlayer 1 -8
wire ID, timing IJI||||||||‘|||I| ,_|_|_|—|
[TTII11] i |\||1|,|:|a|‘||
Track Segment Finder
TS hits: P

riori riority timing, fastest timing, left/ri ll‘lllll
TS ID, p ty ID, p ty t g, fastest t g, left/right I [ I ] ] | I l | | l l l l |

| 2D Track reconstructed (using

2D Track Finder Event time .
‘tracks: [To] hough transformation

azimuth angle, curvature, related axial TS hits / )
geometrical space parameter space

=

Neurotrigger 2D + 3D Fitter \
tracks: tracks: = = .
z-vertex, polar angle azimuth angle, polar angle, curvature, z-vertex S o

N Nz
3D Neural Network (NN) to calculated z/ 6
#|zo| from RecoTracks < 1 &&# |zy| from CDCNNTrack < cut '

y effici = E 5
> CHICIENTY #|z,| from RecoTracks < 1 _i ® ¥
¢ ‘@ (o g o
#|zo| from RecoTracks > 1 &&# |zy| from CDCNNTrack > cut - "~

jected rate =

#|zo| from RecoTracks > 1




How to calculate out z0O&z0 uncertainty

Y Drift time would influence:
. (Varirtlarift€OSQ
trgck!wire ('bhit = (,bwire i arcsm( Twire

\ track / layer Thit = Twire * VarifttarifeSINA

So the 8tgyir. Would influence ¢gross and 7,

2T / If we ignore 1,,;,-. comparing with 8t g,.; ¢, (with small
A a and large P, )
Az, could be consist of Az.,.,s (from 3D Fitter /NN )
With direct cross stereo wire: And A(cot8, <) (From 2D track)
1 w
~ — 1 — . = — Ywi
¢CT055 ¢0 arcsin (2 rWlf@w) - (PO a(r, w) And: AZcross — ﬁ\/(A(Pcross)z + (A¢B)2

Zeross — 28 _ Peross — P Still, ignore r,,,;,-. comparing with &t
ZF — ZB ¢F _ ¢ B | e e
Adcross X ~0.03° — 0.08° (varied from )

2a

Zn = Z —cotlB, —
0 CroOSS 0 w A¢B~

vdT‘fit cosa

Atarift

Twire 24



MC Test

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

htemp
ies 2

10



Hidden Layer

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

Different Hidden nodes

0.5 0.7 2 2.5

1P_t (1G5€V)

Trained with MC, event t0 =0.

—1 Layer —2 Layer 3 Layers 4 Layers

Different Hidden Layer

0.5 0.7 1 2.5

P_g' '5(Gev)2

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 —MO0 M2 ——Standard —M1 M3

o —M8 —M all axial

Masked Axial SL Masked Stereo SL

0.5 0.7 1 1.5 2
P; (Gev)

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

o —M8 —M all axial

Masked Axial SL

0.5 0.7 1 1.5 2
P; (Gev)

—Standard —M13 M15
M17 —M35 —M37

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




Input Parameters

FHD1 2 OT1
x10° FHD1 2
50— — 10° oT1
= EA”‘”ES o ga?ggg S Entries 570867
455 St Dov 0.08317 - Mean -0.003095
= T - Std Dev  0.2073
a0 60[—
36/ -
E 50/—
30— -
25— 40—
: - For exp26runl771
20 = s0f
15 o
10E- 20—
SE- 10—
O L | 11 ] I L1l I 11 1 I 1.1 11 I 11 1 I 11 1 I 111 J 1 I~
1 -08 -06 04 06 08 1 E | | | L | | | | |
O 1 11 1 L1 L Lok} 11 11 1 11 1 L1 Ll 1 1 1 11 1 1
-1 -0.8 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
FHD2 0 FHDO 0O
B FHDZ 0 FHDO 7 FHDO_0
_ Entries 713510 FHDO_7 r - Entries 713510
N Mean -6.657e-4 = Entries 568893 25000F ) Mean -0.002992
) B Std Dev 0.01608 4000F— Mean -0.03291 — Std Dev  0.1307
00000 — - Std Dev_0.2836 -
- 3500~ 20000
150000 — 3000— -
B 25001 15000{—
100000} — 2000 E— -
N = 10000—
- 1500 N
50000}— - -
- 1000F— 5000 — j
- 500 -
ol 1 I T R T I I P R R S B B B A [ A R - 0 ) 1ol on d | L L ! | ! ! | | | alo ! !
-0.15 -0.10 -0.05 0 0.05 0.10 oL Lo a1y o o by by by g by o | ' I -0.4 -0.2 0 0.2 0.4
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 E tra ¢ AXi al
Extra a Extra ¢ Stereo

29



addParam(“offset”, m offset,
“Set certain time offset for ETFHough simulation”
“Default as 07, 0);

ETFTO-EventTO
T

Entries 38775

exp26runl7s6 peak =0 |g&7,, %50z

ETF - Event
T0

exp26runl756 peakl = 10

FP-Event —| Peak2=10
EOF - Event

After




After ETF offset 1 wires expert O

Before offset

100000 A

Num: 345689
Mean: -0.269

Std: 11.954
Trimmed std: 5.336

nnhw Track z

z(Reco-Neuro)

20 reco vs z0O nnhw

Num: 345689
Mean x: 3.776 g
Std x: 20.801 £
Mean y: 4.045 3
Stdy: 17.110 ¥

=50 -25 0 25 50 75
reco Track z

logi1o density of points

nnhw Track z

After offset

Num: 316522
Mean: -0.101

Std: 11.953
Trimmed std: 5.455

z(Reco-Neuro)

z0 reco vs z0O nnhw

N
w
I

|
N
%]

|
v
o

=75

Num: 316522
Mean x: 3.856 j
Std x: 20.812
Mean y: 3.957 =

Std y: 17.352 :

—100
—100

-75 =50

-25 0 25 50 75
reco Track z

logi1o density of points

No difference
--As expected: NN

could learn the
offset




Step learning rate?

Question: Training error will start to oscillate after a few hundreds epoch -
try to adjust learning rate to improve it more deeply.

First attempt: learning rate * 0.2 at every 200 epoch

20 reco vs z0 nnhw
Num: 316522

Mean: -0.101 Num: 316522 Means 1 = 0.3174 +0.0097
Std: 11.953 s | Means 2 = 1.771 + 0.048
Trimmed std: 5.455 N1= 137824 + 610

N2 = 52674 + 533

sigma 1= 2.870 £ 0.012
sigma 2 = 9.874 +0.048

before

nnhw Track z
logio density of points

20 40 60

00
-50  -25 0 25 -100 -75 -50 -25 0 25 50 75 100 NN Z0 - Reconstructed Z0(cm)

z(Reco-Neuro) reco Track z

20 reco vs z0 nnhw
Num: 316522 _

Mean: 0.016 Num: 316522 r 5 Means 1 =-0.19702 + D.Db85

Std: 11.844 : 5, ol o 00 z;ﬁiﬁ ; 12000 - At I P Means 2 = 1.712 + 0.045
i . . 5 td x: 20. C
Trimmed std: 5.280 . i g N1 = 135464 + 560

Mean y: 3.840 ‘ L
10000 — 1 N2 = 54974 + 481
|Z|< sigma 1= 2,489 +0.010

Std y: 17.160
e
sigma 2 = 9.434 +0.042

After

nnhw Track z
logyo density of points

NI R

e L .
40 60 80 100

0 ’ 20
-50  -25 0 25 -25 0 25 50 75 100
z(Reco-Neuro) reco Track z NN Z0 - Reconstructed Z0(cm)




More wires?

=50

Num: 316522
Mean: 0.016

Std: 11.844
Trimmed std: 5.280

-25 0
z(Reco-Neuro)

25

T T
=75 -50

—-25 0
z(Reco-Neuro)

25

Num: 316522
Mean: 0.044

Std: 11.651
Trimmed std: 5.152

=50

-25 0
z(Reco-Neuro)

25

Num: 316522
Mean: 0.039

Std: 11.545
Trimmed std: 5.171

nnhw Track z

nnhw Track z

nnhw Track z

20 reco vs z0 nnhw

Num: 316522
Mean x: 3.856
Std x: 20.812
Mean y: 3.840
Std y: 17.160

-100 -7

=50 =25 0
reco Track z

20 reco vs z0 nnhw

Num: 316522
Mean x: 3.856
Std x: 20.812
Mean y: 3.812
Std y: 17.352
oy e

=50 =25 0 25 50 75 100
reco Track z

20 reco vs z0 nnhw

Num: 316522

Mean x: 3.856
std x: 20.812 3
Mean y: 3.817 &
Stdy: 17.381 &

=25 0
reco Track z

= =
o o
R %

logyo density of points

o
<

= —
o o
™ o

-
<

= =
o o
~ W

o
<

logyo density of points

logyo density of points

o ; Means 1 =-0.19702 + 0.0085

= AtIP
10000 N | Z | < 1

N2 = 54974 + 481
sigma 1= 2.489 £0.010
sigma 2 = 9.434 £0.042

h bt Lot Loai |
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

14000 —

o AtIP
1uuoo;:— |Z|<1

8000 —

Means 1 = -0.12959 + 0.0081
Means 2 = 1.608 +0.046

N1 = 137970 + 546

N2 = 52402 + 459

sigma 1 = 2.4369 + 0.0096
sigma 2 = 9.462 + 0.043

6000]

NIRRT AR I
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.23747 + 0.0088
Means 2 = 1.778 £ 0.046

N1 = 137384 + 562

N2 = 53082 + 480

sigma 1= 2,612 £ 0.010
sigma 2 = 9.535 +0.044

h [T TN IR TRTEN W |
20 40 60 80 100

NN Z0 - Reconstructed Z0(cm)




Detail result compare with zO

Counts

Counts

400

350

300

250

200

150

100

50

*\IIlIIII‘\II\‘HH‘IIII|IIII|IIH‘HH|IH

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)

3

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

IIII|II\N{[III[!III|IIYI[

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

-- OLD FANN

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

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

40 60 80 100

NN Z0 - Reconstructed Z0(cm)

20-30

34

TaIIM

pIepuelS



Detail result compare with zO-- OLD FANN

‘ug“ E Means 1= 25 +1.2 ‘g 60— Means 1= 3.7 £2.0
S sl Means 2 = -4.29 +5.0 S Means 2= 10.4 +1.9
C N1= 359 +68 5ol N1= 1074 £ 63
- N2= 121+ 64 C N2 = 576 + 59
20 sigma1= 16.2 £ 1.7 mi sigma 1= 58.0 +1.7
L sigma2= 31.3 +4.7 r sigma 2 = 24.48 +0.38
. 30— —
B C =
10 - - CD
:_ 20— —_
5 10—
0 150 0% 00
NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(cm)
g 30:— Means 1= 2.7 £ 2.0 % E Means 1= 41+1.9
8 C Means 2 =-0.75 + 2.3 8 60— Means 2 = 125 + 2.1
5| N1= 237 +22 - N1= 1118 £ 65
C N2= 240 +43 S0 N2 = 532 +60 )
20 - sigma 1= 15.0 £1.7 c sigma 1= 57.3 +1.7 =
C sigma2= 25.5 14 w0 sigma 2 = 24.63 + 0.42 QO
- C >
- - o
- 30— QJ
u = =
L 20— Q.
- 10—
0

NN Z0 - Reconstructed Z0(cm)

30-40 40+ 35



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 i

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 51
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 = -0.1572 + 0.050 Means 1 = 0.063 £ 0.073

Means 1 = -0.1549 + 0.048
ﬁ Means 2 = 3.48 +0.35 500 H Means 2 = 3.21 +0.50

%{, Means 2 = 2.57 +0.38
N1 = 4460 + 82
N2 = 4387 + 81
sigma 1= 2.521 £ 0.054
sigma 2 = 24.65 +0.31

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)



First attempt: Directly use TS pattern as input

1ahe|
ndino

1aAe| 1adng auQ

l l

OTTOTTIOTITO

{

Directly use 11/15 bits pattern as input

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



Train with real data

Train Standard model and one extra wire

model (with/without LR) with exp26 T
runl771 & exp26 runl762; beam-reco- D~
monitor. - o

' 5 s ¥ -. E
. E . o .Ll:b : '.\. . E

Error curve _ 50 L IR . 7 50 -

107 i -
£ g

L h

Standard model ' by ; A % | La
g 8 : bl
— 0 » I . 3 0 =
wl S8 W

" Sso S0 50 0 50 00 150 o s 000 1506 Baob 2s0b 000 3800 40004300 = -5 \
20_RE Epoch : .
o H = .100 \
Error curve o Error curve -

. Extra Wire (No LR) “ Extra Wire (with LR) e
model model — -150 150 —
-150 -100 50 i 50 100 150
oo e b b b b




Test with real data exp26 runl1771

Standard Model

Means 1 = 0.061 + 0.077
Means 2 = -1.960 +0.24
N1 = 5591 + 165

N2 = 3386 +158

sigma 1= 412 £ 0.10
sigma2= 12,10 £ 0.24

Extra Wire 1 No L/R

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

Extra Wire 1 with L/R

RE |
Zy - < 10cm i

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

-HHl\HIl III‘HI\‘HI ‘\I\ ‘I\I\‘IH\‘I T

. i
R B . : PR i o d oy

e ol o I Ty
10 20 30 40 =20 0 10 20 30 40
NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(cm)

3

10 . 30 40
NN Z0 - Reconstructed Z0(cm)

&
=]

RE . Means 1 = 0.35 £ 0.27
Zy > 10cm i Means 2 = 2.25 +0.77
H N1 = 2746 +101
Tl 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

IlHI H\‘\ 1|\Il T

kb

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

1, et (R Sl e
e I T e
0 20 40
NN Z0 - Reconstructed Z0(cm)

I e P e
-40 20 0 20 40 60
NN Z0 - Reconstructed Z0(cm)

il ekl L O I N i oo ol
8! -40 -20 0 20 40 0 -20
NN Z0 - Reconstructed Z0(cm)




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.




Pytorch training result -Uniform / norm distribution

ExtraWires

Num: 345689 Num: 345689
Mean: 3.276 Mean: 4.636 Ml;::n' -0.269
Std: 16.911 L

: Std: 29.417 Std: 11.954
Trimmed std: 11.227 Trimmed std: 22.873. Trimmed std: 5.336

=50 =25 0 25

0
-25 0 0
z(Reco-Neuro)

z(Reco-Neuro) z(Reco-Neuro)

z0 reco vs z0 nnhw

z0 reco vs z0 nnhw 20 reco vs z0 nnhw

Num: 345689 . . Y T — .
Mean x: 3.776 S : uum- 333678796 . Num: 3.456879 |
Std x: 20.801 gan X 28 3 . . Mean x: 3.776 §
Mean y: 0.500 Std x: 20.801 . fot) Std x: 20.801 =

: 0. 3 o i s 4, 3
Std y: 25.011 n Mean y: -0.860 ; Y A Mean y: 4.045 ;

Std y: 37.151 4
ZoE . :
)

nnhw Track z
logio density of points
nnhw Track z
logyo density of points
nnhw Track z
logio density of points

-50 =25 0 25 50 75 -100 -75 -50 =25 0 25 =50 -25 0 25 50
reco Track z reco Track z reco Track z




Extra wire as input

A1)

3.5

2.5

H

0.5

Standard

3 Wires & No LR

0.5

0.7

1 Wire & No LR ——2 Wires & No LR

1 Wire & L/IR

1 1.5
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 &No LR

S

Standard
1 Wire & LR

0.5 0.7 1 1.5 2 2.5 3
P_t (Gev)




More wires?

Means 1 = -0.2748 + 0.052
Means 2 = 2.93 +0.18
N1= 21911 +323

N2 = 9733 +303
sigma 1 = 5.523 +0.065
sigma 2 = 14.95 +0.19

L ol
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.5627 +0.05
Means 2 = 2.83 +0.18
N1= 21711 £ 321

N2 = 9922 + 302

sigma 1= 5.354 £ 0.063
sigma 2= 14.48 +0.18

20 40 60 80 1
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.0466 + 0.046
Means 2 = 3.74 +0.19
N1 = 19940 + 265

N2 = 7882 +241

sigma 1 = 4.887 +0.053
sigma 2 = 13.78 £ 0.18

[
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

10<(z|<20

Means 1 = 0.120 + 0.051
Means 2 = 4.04 +0.20
N1 = 20073 284

N2 = 7754 +260

sigma 1 = 5.270 £ 0.059
sigma 2= 14.14 £0.20

80

L L
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.0012 + 0,050
Means 2 = 3.79 £0.20
N1= 20374 + 280

N2 = 7447 + 255

sigma 1= 5.245 +0.057
sigma 2= 14.12 + 0.20

- - I

-10<|z|<20

20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

Means 1 =-0.2328 + 0.04B
Means 2 = 2.67 +£0.18
N1 = 21931 + 304

N2 = 9706 + 282

sigma 1 = 5.240 +0.058
sigma 2 = 14.60 +0.18

Lo o i
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

20<

Means 1 = -0.7241 + 0.06!

<30 i Means 2 = 1.33 +0.19
Z N1= 17662 + 338
N2 = 10742 + 327

sigma 1 = 6.390 £ 0.094
sigma 2= 17.09 £ 0.21

20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.9053 + 0.06
Means 2 = 1.35 +0.18
N1= 16883 + 339

N2 = 11517 + 330

sigma 1= 6.125 £ 0.094
sigma 2= 16.37 +0.19

80 1
NN Z0 - Reconstructed Z0(cm)

Means 1 = -0.4953 + 0.06/
Means 2= 1.08 +0.17
N1= 17062 + 331

N2 = 11337 +322

sigma 1 = 5.949 + 0.091
sigma 2= 16.31 +0.19

n A

P
20 40 60 80 100
NN Z0 - Reconstructed Z0(cm)




More wires?

Wire 1

Wire 2

Wire 3

Means 1 =-0.694 +0.23
Means 2 = -0.854 +0.38
N1 = 4268 +92

N2 = 4341 + 31

sigma 1= 8.94 +0.21
sigma 2 = 22.22 +0.27

NN Z0 - Reconstructed Z0(cm)

Means 1 =-0.918 + 0.21
Means 2 = -0.583 + 0.37
N1 = 4284 + 91

N2 = 4341 + 40
sigma 1= 8.63 +0.19
sigma 2 = 22.08 +0.26

40 60 80
NN Z0 - Reconstructed Z0(cm)

Means 1 =-0.694 + 0.21
Means 2 = -0.703 + 0.36
N1= 4272 + 91

N2 = 4341+ 34
sigma 1= 8.34 +0.19
sigma 2 = 21.75 + 0.26

Means 1 =-5.502 + 0.16
Means 2 =-7.199 + 0.36
N1 = 10307 + 139

N2 = 11545.5 +5.7
sigma 1= 10.23 £ 0.16
sigma 2 = 38.53 +0.27

20‘
NN Z0 - Reconstructed Z0(cm)

Means 1 =-6.107 + 0.39
Means 2 = -6.079 +0.19
N1= 11234 +139

N2 = 11545 + 60
sigma 1 = 38.87 +0.29
sigma 2 = 14.4603 + 0.0

20 = 40
NN Z0 - Reconstructed Z0(cm)

Means 1 =-4.797 + 0.16
Means 2 =-7.313 £ 0.35
N1= 10404 + 140

N2 = 11545.5 + 6.1
sigma 1= 10.04 £ 0.16
sigma 2 = 37.58 +0.27

2(]‘ 40 60 80 20 40 0 =
NN Z0 - Reconstructed Z0(cm) NN Z0 - Reconstructed Z0(cm)




Track Segment ID

Consider the Delta Z distribution of those NN choose wrong hit

htemp1

Entries 2377
Mean 6.558

SLi Wrong Hits
SL; Wrong Hits Std Dev 15.87

SLsWrong Hits
SL,Wrong Hits
AllLTS close to the RecoTracks

exp024run2004



Track Segment ID

Consider the Delta Z distribution of those NN choose wrong hit

B SL, Wrong Hits

[ ] SL; Wrong Hits
SLsWrong Hits
SL,Wrong Hits

AlL TS close to the RecoTracks

_ ol o
ainoiem |8l e e eia B i e

~80 ~60 40

exp026runl7 77



