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Neural Track Trigger in 2022

- Since Exp. 24 new firmware from improved network training

- Synopsis of STT resolutions for experiments in 2022
- Successes and problems

- Plans for the rest of 2022
- Analyse cosmic data taking recently (started, not yet finished):
test some minor fixes in firmware,
use of (global) event time for drift time calculation
- Work planned for the rest of the year

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct. 7, 2022



%" Reminder: z-Resolution in Exp. 22 B

Belle IT
nnHW tracks , reco IP nnhw tracks, reco IP
nnhwRecoMatch|PdZ0 nhwiRecoMatzhiPEhil
12000 F Entries 82033 1400 F i
B Mean 0.1881 B Entries 82033
- Std De 7.127 1200
10000 ' xzfnd: 6195, 58 E Mean  0.8238
L Prob 0 - Std Dev 95.71
8000 p0 9850 + 93.6 1000 N -
B p1 ~0.2917 + 0.0341 -
- P2 5.645 + 0.057 800
6000~ p3 816.4+ 111.3
" pd 2.557 + 0.241 600 [
4000 ps 11.47 + 0.38 :
N 400
2000~ 200
0_....|. N ol 0:...|....|....|...
-100 =50 0 50 100 -100 0 100
delta z [cm] phi [deg]
nnhw tracks, reco IP
| —— Gaussian fits to neuro tracks
3000 Hmean 03008 associated with reco tracks from IP
i Std Dev 0.4373 (|Z|<1 cm, d < 1scm)
2000
[ Central Gauss: 6 = 5.6 cm
1000 N
[ 2nd Gauss: o0=11.5cm (8 %)
0 i P | T ST T NN T TR T S N T T
-1 -0.5 0 0.5 1
cos(theta)
Exp 22, all runs, Old FW STT active, zeutTrig = 20 cm 30/03/2022 52
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Z» Exp. 24, New Training and FW =

Belle IT
nnHW tracks , reco IP nnhw tracks, reco IP
nnhwRecoMatchlPdZ0 nhwRecoMate
B Entries 79033 1400 L rimRecolsteniPPhe
i N Mean 0.8045 B Entries 79033
B Std Dev 494 1200
15000 |- ¥2/ ndf 7007/ 61 L Mean 2138
I Prob 0 r StdD 9439
H EXp ° 24 po 1.63de+04 + 1 313e+02 1000 i
i pi 1.413 £0.017 800 L
p2 2842 + 0,025 i
10000 __ p3 2493 + 1305
L p4 ~0.4472 + 0.0809 600
~ ps 6.442 + 0.093 L
5000 4001
i k 200
0 i TS SR T T N S PR T TR R T N T 0 i T T I R T R T | L | ! ! !
—100 -50 0 50 100 —-100 0 100
delta 7 [ecml phi [deg]

New Training chain (pyTorch by T. Jilg (TUM)) with data from Exp 20

nnhw tracks, reco IP

e Gaussian fits to neuro tracks
4000 } )
| vean 03360 associated with reco tracks from IP
s000 [ EE (|z]<1cm, d <1.5cm)
2000}
- Central Gauss: 0 =2.8cm
1000
E 2nd Gauss: o0=6.4cm (13.2 %)
T T s 0 o5
cos(theta)
Exp 24, runs 790 - 890, New FW STT active, zcutTrig = 20 cm 19/03/2022 49
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Z%?" z-Resolution for IP Tracks (,,Clean® Tracks) B

Belle IT

EXp- 24 nnHW clean tracks , reco IP nnhw clean tracks, reco IP
nnhwRecoMatchIPCleandZ0 1200 IPCleanPhiD
15000 — Entries 58885 I

F ﬂ Mean 1.118 i Entries 58883

: e 1000}

L Prob 0 L Std Dev 93.64

10000~  74.5 % 0 amennds 1 800 [~
- ofall - Bt 600 M‘”
B pa 0.2372 + 0.0805
5000 - neuro p5 5748 + 0.103 400 -

] tracks 200l -l
07||ww||||\|||‘\\|| 0:t|||||||||||||\\\ known
-100 -50 0 50 100 -100 0 100

delta z [cm] / phi [deg] problem
CDC inefficiency in CDCr/o
nnhw clean tracks, reco IP

| ens  ssees Gaussian fits to neuro tracks associated

3000?Mean 0.3463 . h k f
[otoom 00 with reco tracks from IP
- (|z|<1cm, d < 1.5cm)
2000_—
- Central Gauss: 0 =2.7 cm
1000j
R N 2nd Gauss: 0=5.7cm (14.1 %)
—1 -0.5 0 0.5 1
cos(theta)
Exp 24, runs 790 - 890, New FW STT active, zcutTrig = 20 cm 19/03/2022 50 4
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D

>* z-Resolution for IP Tracks (,,experts®) Do

Belle IT
EXp- 24 nnHW Err2 tracks , reco IP nnhw Err2 tracks, reco [P
nnhwRecoMatchlPEmT2Z20 J— .

4000~ Entries 20148 800

F ﬁ Mean 0.1142 = Entries 20148

r Std Dev £.450 -

__ 2 / ndf 2566 /54 | Mean — 834
3000 L Prob 1761628 600 StdDev  96.16

L Y p0 3412 + 49 4 -

- 25 * 5 A) p1 —0.7854 + 0.0435 -

B p2 3.584 + 0.063 -
2000 - p3 4298 +52.0 400 —

L p4 2233 +0.256 -

L p5 8.460 0.312 5
1000 — 200

0 i [ PR T J | k‘ P I R R 0 _t L | f I
-100 -50 0 50 100

|—1:JDI — 0 / I1C|]O‘. -
phi [deg]
Missing > 2 TS CDC inefficiencies

nnhw Err2 tracks, reco IP

delta z [em] /

1000 Gaussian fits to neuro tracks associated with
I | Entries 20148
800 [|Mean 0081 reco tracks from IP
- |59 Dev 0.4296 (|Z|<1 cm, d< 1scm)
600 -
400 Central Gauss: 0 =3.6 cm
200 o
- 2nd Gauss: 0=8.5cm (11.2 %)
Df1l I‘ 70.5l T 0 T IO.‘5‘ - 1
cos(theta)
Exp 24, runs 790 - 890, New FW STT active, zcutTrig = 20 cm 19/03/2022 51
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, . D
%’ z-Resolution for all z values <>

Belle IT

Exp. 24 z0 reco vs z0 nnhw
| nnhwZ0vsRecoZ0

c 100 [ Entries 161115 —= 10*
O, e |Meanx 08275 = 5

N _ | Mean y 1.206 |u = a =

S - | StdDevx  21.91| =B "y 3

© 50 —stdbevy 1269 |.. = - LT 03
— i = am 4 =

> - .

€ : '

c 0 I

-50

_1 OO coeoo e e by v by v b by 1
-150 -100 -50 0 50 100 150
reco Track z[cm
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72» Exp 24, New FW (positive z values) B

Belle IT
delta nn z distr. 1-10cm delta nn z distr. 10-20cm delta nn z distr. 20-30cm
deltannhwZ0p10 deltannhwZ0p20 deltannhwZ0p30
100+~ Enires i 600+ Entries 4139 1000+ Entries 6679
[ Mean 0415 L m Mean 6.064 Mean 11.64
j St Dev 106 Std Dev 7.44 | Std Dev 8.444
80 2 o 5836 r ¥2 / ndf 4299/ 41 800+ ¥2 I ndf 1015/ 46
F Proc 0.008008 F Prob 0.386 F Prob 4.643e-06
A —_
Z= r w0 =L L p0 19.11+3.98 r p0 947 +84
60; pl 2051+ 0.48 400 pl 3649+ 1.044 600 __ pl 1163037
Z(reco) - L 52 8672020 r p2 16.61+1.37 L p2 13.85 + 0.44
- B3 — 25676406 + 6.016e+08 L p3 580.7 125 F p3 881179
[ B 837202 L P4 6505 + 0094 r pd 18+01
Z( n n ) 40 __ s 0.1274 + 04030 p5 -5.092 +0.091 400 __ p5 447 +0.09
[ 200
. . 201 I 200
Slight bias of ,
0_.‘Hnn A S olriiil, T N 1 0_‘..‘| Ly .
nn track 100 50 0 50 100 00 50 0 50 100 100 50 0 50 100

towards Rms = 10.6 Rms = 7.4 Rms = 8.4
smaller

delta nn z distr. 30-40cm delta nn z distr. 40-50cm delts nn z distr. = 50cm
deltannhwZ0p40 deltannhwZ0p50 deltannhwZ0p60
Va I u es L Entries 1744 Entries 900 Entries 4025 ” fe ed d OW n “
150 - Mean 16.49 Mean 19.66 Mean 29.03
L Std Dev 1354 Std Dev 18.18 Std Dev 24.82 /
7i L %2 I ndf 64.04 /42 22  ndf 57.1142 x2 Indf 58.05/ 46
” fe e d - d OW n L Prob 0.01581 Prob 0.06004 Prob 0.1096
- pD BET2+423 p0 3243+2.18 p0 1434£58
1 1 00 = p'l 1457 + 057 p1 4.693 £ 0.948 p1 7.286 £ 0.318
I m p rove d ’ L p2 15.81+ 047 p2 10.53 % 0.81 p2 7327 £ 0323
H L p3 9226 +7.27 p3 4278+ 3.19 p3 87.46 £ 245
b u t Stl | I L pd. 20564 +0.38 p4 33281061 pd 3895+ 0.98
F p5 5021+0.385 pS 7.733 £ 0.629 p3 2169+ 0.70
observed 50+ i col
— 10F
U_ |\|\\|| L 0_\-w-|nn|\|||||| I 0_\||\|| e by
-100 —50 50 100 -100 -50 0 50 100 -100 -50 0 50 100
Rms=13.5 0=10.5cm c=7.4cm
Exp 24, runs 790 - 890, New FW STT active, zcutTrig = 20 cm 19/03/2022 80
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Zo» Exp 24, New FW (negative z values)

Az =
z(reco) -
z(nn)

Bias of nn
tracks
towards
smaller
values

Clear
indication
of
,feed-up”
at large
negative z-
values

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct.

delta nn z distr. -1-10cm

deltannhwZ0m10
[ Entries 2112
i Mean 239
300 B Std Dev 8916
i ¥2 1 ndf 5239435
: Prob 0.02968
L p0 668+ 111
200 L p1 -5.309 £ 0.674
L 2 8.856 + 0.399
L 03 266.1% 13.1
L p4 0.1412 £ 0.1781
L p5 3.946+ 0.215
100}
Y P T I 11 | 1 | I dededd |

0
-100 -50 0 50 100

Rms =8.9

delta nn z distr. -30-40cm

deltannhwZ0m40
140 r Entries 1424
C Mean —-26.58
F Std Dev 1187
1201 22 I ndf 4179/ 41
L Prob 04361
100 ~ p0 7394 +729
N pl 276404
80k p2 —11.04 +0.42
L p3 7357 +9.16
60 r pd -23.78 £ 0.49
r ps 3.811+0.509
401
20F
[ [ PPV B

-100 50 0 50 100

Rms=11.9

Exp 24, runs 790 - 890, New FW

delta nn z distr. -10-20cm

deltannhwZ0m20
L Entries 2889
F Mean -8.383
300+ Std Dev 1023
r %2 I ndf 9133147
r Prob 0.0001145
[ p0 2909+ 141
B pt 5126+ 0.274
200 2 536+ 0.24
i p3 712121256
| P4 1378+ 1.47
: ps ~9.51+ 0.46
100
ST T - I" 11 1 ‘ Ll l hedd |

0
-100 50 0 50 100

Rms =10.2

delta nn z distr. -40-50cm

deltannhwZ0m50
80 B Entries 959
| Mean -33.73
I Sid Dev 1581
I ¥ I ndf BO.B5 /44
60 Prob 0.008184
i ] 4431+ 0.869
i p -0.2235 + 4.1225
B p2 11.5+33
401 p3 5942+ 3.26
r pd ~35.31+ 0.48
r 5 10.95 + 0.59
20
hlood 0 Y e 1

-100 50 0 50 100

delta nn z distr. -20-30cm

deltannhwZ0m30
Entries 3237
Mean 1741
| Std Dev 9512
300+ 12 I ndf 5202743
H Prob 0.1629
p0 2826+ 142
pi 1503 £ 0.24
I p2 5.142£0233
200 L p3 1004 = 134
pd 2025+ 053
p5 10 85+ 043
100
L L PR R

0
-100 50 0 50 100

Rms =9.5

delts nn z distr. < -50cm

,feed up’

annhwZ0m60
150 B Entries 4066
Mean -50.44
Std Dev 2363
12 I ndf 6282744
r Prob 003258
100 p0 2086524
r pi -12.81+ 183
p2 9.928 + 1.408
p3 122834
| pd 5036 +0.75
50 p5 19.25 + 1.08
T B PRI R

0 i1
—100 50 0 50 100

Large |z| values need re-training

STT active, zcutTrig = 20 cm

7,2022

19/03/2022 81
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%" Exp. 26, early Runs

Exp. 26
z0 reco vs z0 nnhw
nnhwZ0vsRecoZ0
'g' 1 00 i - Entries 439104
O, u Mean x 5.306
N B Mean y 6.545
= o Std Devx 39.25
'E 50 Std Devy  20.45
c - ._ | [
- ..I
z-cut still at
20 cm for 102
neuro tracks
used in multi-
track trigger _50 10
(STT always at
|z| <15 cm) i - o= -
_1 00 P S R T S SR T TR TR KN N T TN SN NN TR TN ST NN S NN M T N N N A 1
-150 -100 -50 0 50 100 1 50
reco z[cm]
Exp 26, runs 0-800 (first half) |z| =15 ¢m, STTactive 19/09/2022 60

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct. 7, 2022

D

<o

Belle IT



Z» Exp. 26, last Runs 1600-1960

D
o

Belle IT

Exp. 26
= 100
(&)
~N
S
© 50
-
3
<
c
c 0
Due to

increased bg
z-cut now set
at 10 cm for
neuro tracks
used in multi-
track trigger
(STT always at
|z| <15 cm)

'_10—01 50

Exp 26, runs 1600-end
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z0 reco vs z0 nnhw

nnhwZ0vsRecoZ0

Entries 267049

Mean x 3.103
Mean y

Std Dev x

Std Dev y

1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1

-100

-50

0

|z| < 15 cm, STTactive

50 100
reco Track z[cm]

| III|

150

10°

10°

10

03/10/2022 104
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Exp 26 (positive z values)
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Belle IT

delta nn z distr. 1-10cm

deltannhwZ0p10
- Entries 5232
: Mean -0.2936
500 - Std Dev 13,08
A [ i rlf ©7.41/5¢
Z = 3 Prob 0.0009195
400 50 17.35+ 144
Z(nn) - [ pt 19.55+ 1.77
[ p2 27122
300 L p3 544.6+ 11.0
z(reco) : N o
200 L p5 5,687 + 0.097
Slight bias "°°f
0 [ el (NI B 1
Of nn traCk -100 —50 50 100

towards
smaller

0
Rms =13.1

delta nn z distr. 30-40cm

va | ues deltannhwZ0pa0
[ Entries 7010
500 Mean -17.69
[ Std Dev 16.21
«f 72 1 nelf 56,9/ 57
” fe ed _d OWRoF Prob 8.408e—45
. [ 383 +126
IncreaSEd [ -25.57 £0.19
300 5.983 £ 0.224
[ 1717455
[ ~1079 + 044
200 17504018
100F
[ . TR Lo oy
-100 50 0 50 100
Rms=13.5
Exp 26, runs 1600-end
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delta nn z distr. 10-20cm

deltannhwZ0p20

Entries 14865

2000 ._ H Mean -6.127

I Std Dev 8.085

I PL 534.3157

1500 | Prob °

L ] 17834 34.2

r p1 -6,247 £ 0.089

r p2 4776+ 0.078

1000+ p3 27412 328

- pd 8713+ 0335

: ps 107 £04
500

[ ..|LJ....
-100 -50 0 50 100
Rms =9.0
delta nn z distr. 40-50cm
deltannhwZ0p50

- Entries 5292

r Mean -21.87

300 Std Dev 2073

r ¥7 I ndt 1457 150

B Prob 0

I 14414 28

19404

200 __ 21491 0.20

| 2825 1168.6

| 44232270

| 17101 0,081
100

O-' Pl PRI Ly s s
-100  -50 0 50 100

0=10.5cm

|z| = 15 em, STTactive

delta nn z distr. 20-30cm

deltannhwZ0p30
2500 o Entries 17408
: Mean -12.8
L Std Dev 10.35
20001 #2 I ndf 8682155
3 Prob 0
i po 1956 +32.5
1500 p1 ~13.29 +0.08
i p2 3.832 £ 0.072
L p3 4497 £2390
1000F pa 13.71+0.29
3 p5 1224 10.26
500 N
-100 -50 0 50 100
Rms=10.4
o
delts nn z distr. > 50em ”feed d own
delifinhwZ0p60
1200 3 s 38147
: Mean 3541
1000 - Std Dev 2751
B 25 I ndf 4447181
: Frob 1]
800 - po 9599+ 5.8
i Bl 37124 018
- p2 2329+ 007
600 __ =] 1.88Te+06 1 0.0
L P §TaT+ 141
400'_ ps 3.025 = 1.414
200
PR BT Ly vy

0
-100 50 0 50 100

o=7.4cm
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> Exp 26 (negative z values)
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Belle IT

delta nn z distr. -1-10cm

deltannhwZ0m10
— 1500 B ;Cbm’f 396-9.-: 5:
AZ - : B0 1450+ 33.4
Z nn - : pl -0.3383 £ 0.0897
(nn) 1000 W mteims
z(reco) [ N e
500}
Bias of nn |
traCks —qDll] —5I(] l [I] l 5IU l I1'DD
towards Rms =9.7
smaller
delta nn z distr. -30-40cm
Vva | ues deltannhwZ0m40
Clear L
indicatiop -~
of S
feed-uptr __ —
atlarge |
negative zoloor ¥ e
-100 -50 0 50 100

values Rms = 11.9

Exp 26, runs 1600-end

delta nn z distr. -10-20cm delta nn z distr. -20-30cm
deltannhwZ0mz20 . deltannhwZ0m30
1500} Entries 14280 L Entries 19360
| Mean 10.86 r Mean 19.25
| Std Dev 10.38 2000 T Std Dev 1027
| 2 I ndf 36558 L 2 I ndf 4452/ 51
| Prob 1] : Prob 0
| p0 1144 +41.1 1500+ p0 1562 +34.5
1000 pl 6.13 +0.16 r p1 14.89 +0.11
I p2 5.071+0.122 i p2 4.404 +0.090
I p3 5085 +3227 L p3 862.7 + 29,1
I pa 1505 1000 - pd 2203019
i ps 8,842 £ 0.168 L p5 9.475 £ 0.107
500 - [
I 500
[y r——— L JI P P 0 [ PRI R R J. L L
-100 =50 0 50 100 -100 -50 0 50 100
Rms=10.4 Rms =10.3 feed up“
4 p
delta nn z distr. -40-50cm delts nn z distr. < -50cm /
deltannhwZ0m50 deltannhwZ0m6E0
MNIII ZM!‘I!G i .\1l|.!k. S0 /
S Dev 1568 S Dav ik
xiind £435145 o indl 5088142
2 40632407 = T 0470+ 20 ‘ 0 TGO+ UE
o 40830417 = 14140400 M S84+05
p2 w=14 o 1977 £ 047
qm 2TE4 21776 4 w 3503e+4 £ 787703
2] -40 2z 177882 M 6122687
(] 0=14 o 1529+ 183
OI_._.II | PP
-100 50 0 50 100 -100 -50 0 50 100

Large |z| values need re-training

|z| = 15 em, STTactive

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct. 7, 2022
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£° z-resolution at IP, Exp. 26, early runs

D
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Belle IT

nnHW tracks , reco IP

nnhwRecoMatchlPdZ0
- Entries 135081
C Mean 0.1816
25000 - Std Dev 6.831
C 2 | ndf 2052/ 66
B Prob 0
20000 - p0 2.412e+04 + 1.186e+02
C pi ~1.201=0.014
o p2 3176 =0.019
15000 p3 3328 + 879
- pd 2,757 = 0.085
10000 p5 8.875 + 0.084
5000
0 C . PR I PR S R
-100 =50 0 50 100
delta z [cm]
nnhw tracks, reco IP
=1 hIPCast
[ |Entries 135081
6000 H
| | Mean 0.3185
-|stdDev 04283
4000
2000
1 1 1 " 1 N 1 . . . .
0—1 -05 0 0.5 1
cos(theta)

Exp 26, runs 0-800 (first half)

2000

1500

1000

500

Gaussian fits to neuro tracks associated

nnhw tracks, reco IP

L nhwRecohatchIPPhI0
- Entries 135081
B Mean 7.266
L StdDev 9384
[ M B R
-100 0 100
phi [deg]

with reco tracks from IP
(|]z|]<1cm, d < 1.5cm)

Central Gauss: 0 = 3.2 cm

2nd Gauss:

|z| = 15 em, STTactive

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct. 7, 2022
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£* z-resolution at IP, Exp. 26, runs 1600-end B

Belle IT

nnHW tracks , reco IP nnhw tracks, reco IP
nnhwRecoMatchlPdZ0 _ nhwiRecoMatehl PPhiG)
15000 — Entries 73770 L
- Mean 0.2378 - Entries 73770
L A Std Dev 6.684 1200 N Mean 1.657
L ¥? I ndf 1146/ 64 - )
- Prob 0 1000 StdDev  93.84
- po 1.22e+04 + 9.66e+01 -
10000 | pi -1.163 + 0.022 800F
B p2 3.077 £0.029 B
p3 2668 £ 87.7
i pd 1.902  0.085 600 |
ps 7.642 £ 0.078 F
i 200
0-....l..jl. PR I T T Y 0:...I....I....I...
-100 =50 0 50 100 -100 0 100
delta z [em] phi [deg]
nnhw tracks, reco |IP
4000 N fatehlPCost . . .
(e 70770 Gaussian fits to neuro tracks associated
| Mean 0.3222 .
30001 .o with reco tracks from IP
= | St 1= X
i (|]z|]<1cm, d < 1.5cm)
2000
N Central Gauss: 0 = 3.1 cm
1000~
of 2nd Gauss: oc=7.6cm (17.9 %)
-1 -0.5 0 0.5 1
cos(theta)
Exp 26, runs 1600-end |z| = 15 em, STTactive 03/10/2022 82
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Z2» Exp. 26, early Runs B

Belle IT

nnHW clean tracks , reco IP nnhw clean tracks, reco IP
nnhwRecoMatchlPCleandZ0 o —
= Entries G0848 o
20000 — Mean 05554 - Entries 90848
Std Dev 5.45 B
- %2/ ndf 975.2 fs; 1500 [ Mean 1202
B Prob 4] v )
15000 - p0 1.803e+04 + 1.0938+02 i Stibev o1
L pl -1.393 = 0.015 o
: p2 2.891=0.023 1000 |
3 2687 = 1057
10000 N id 1.029 = ;_um
: ps 7.282 = 0.089 i
5000 S00
0'........|...|.... 0-...|....|....|...
-100 =50 0 50 100 -100 0 100
delta z [em] phi [deg]
nnhw clean tracks, reco IP
5000 -:nl"i'.'. PCloanCost . . .
F[Envies  o08ae Gaussian fits to neuro tracks associated
™ | Mean 0.3332 .
4000H" o with reco tracks from IP
I | Std Dev X
3000F (|z|<1cm, d < 1.5cm)
2000
: Central Gauss: 0 = 2.9 cm
1000
of L L 2nd Gauss: o0=7.3cm (13.0 %)
-1 -0.5 0 0.5 1
cos(theta)
Exp 26, runs 0-800 (first half) |z| = 15 em, STTactive 19/09/2022 83
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Z» Exp. 26, last Runs (1600-1960) 5

Belle IT

nnHW clean tracks , reco IP

nnhwRecoMatch|PCleandZ0

- Entries 50316
- Mean -0.2897
10000 [~ Std Dev 5.657
- 2 | ndf 550.6 / 57
B Prob 0
8000~ p0 9266 + 88.6
B p1 -1.28 + 0.02
L p2 2.915 + 0.031
60001 p3 1803 + 76.3
N pd 1.226 + 0.096
4000 p5 7.04 + 0.09
2000
0 C o AR —
-100 =50 0 50 100
delta z [em]
nnhw clean tracks, reco IP
E Entries 50316
2500 C | Mean 0.3489
2000 E_ Std Dev 0.4258
1500
1000
500
: " | I 1 PR I T T B I
0—1 -05 0

Exp 26, runs 1600-end

0.5 1
cos(theta)

nnhw clean tracks, reco IP

1000 — IPCleanPnio
: Entries 50316
800 -_ Mean 3.872
: Std Dev 20.43
600
400}
200
i A R S S
0 -100 0 100
phi [deg]

Gaussian fits to neuro tracks associated
with reco tracks from IP
(|]z|]<1cm, d < 1.5cm)

Central Gauss: 0 =2.9cm

2nd Gauss: c=7.0cm (16.3 %)

|z| = 15 em, STTactive 03/10/2022 83
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Z:» Comparison of STT Rates Exp. 25 / 26 B

Belle IT
reco Tracks, Only STTBit 3 hw tracks, Only STTBit
- ecoTrkMultOnlySTTSit i< 1 0 nnhwTrkMultOnhy STTBIt
: Entries 156299 120 :— [ ] Entnes 156299
- Mean 1.232 [ Mean 207
60000 I 100
EX p 2 5 Std Dav 1.442 B Sid Dev 2843
: s 80
40000 -
i 60—
20000 4a0r
[ 20
i N PR [ S T S TR T S TR T 0 : 1T 1 P
5 10 15 20 0 5 10 15 20
reco Tracks, Only STTBit hw tracks, Only STTBit
ecoTrkMullOnlySTTBIt nnhwTrkMURO Ny STTBI
Entries 111221 : [ ] Entries 111221
Mean 1.482 80000 __ Mean 1.481
StdDev  1.884 i . StdDev  1.555
relative sooof-| | relative
EXp. 26 increase Of i decrease Of
40000~ .
events with no | | events with
reco track 20000[-| | from multihad |
5 10 15 20 0 5 10 1 20

Clear increase of fake neural tracks due to increased background
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R . D
o~ Conclusions o

Belle I

- New FW, based on retrained networks using Exp. 20 data, has shown excellent
performance: better data selection and more advanced training methods

- z-resolution dramatically improved compared to the previous networks:
central Gaussiano=5.6cm->0~ 3 cm, p resolution also improved

- However, trigger rate of STT increased during the last month before the
shutdown (much larger background due to attempts to increase luminosity)

- Reason: ,feed-down” and especially fake tracks due to increased background
(and therefore increased 2D candiadates in the neural peprocessing) have
strongly increased.

- BUT: IP track resolution did not suffer under high BG conditions

- Efforts now on UT4 FW using 3D preprocessing -> Kai
Caveat: Training of networks lacks person-power

- Development of Displaced Vertex Trigger (macro cell Hough) very promising ->
Elia

C. Kiesling for the Neuro Group, B2GM, Trigger Parallel Session, Oct. 7, 2022
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=P . . P >
Z2* STT Bit vs STT calc has improved ! Do
Belle IT
10° STT calc vs STT fire
: STTing. STTBit: |z| <15cm && p >0.7 GeV
: EXp 20 Mr:::s 1.949
300:_ 2021a/b StdDev 02865 STTcalc:  use GDR algorithm offline
i for cross check
200" 27455 369629 6749
I Histogram Bins:
O 6.8% 1.7 % Bin2 Bin3 Bin4
i % STTcalc &&  STTcalc && STT Bit  STTBit &&
N S SR ~ STT Bit ~ STTcalc
distr. of sets
, STT calc vs STT fire e STT calc vs STT fire _
x10 STTtrig a STTtrig
- Entries 587544 600 - Entries 661137
500 :_ EXp 22 Mean 1.988 B EXp 24 Mean 1.992
400 - 2021c Std Dev 0.1875 i 2022a StdDev 0.1674
- 400 -
300 14008 566789 6747 - 11903 642566 66638
200 -
- 2.4% 1.2 % 200~ 1.8% 1.0 %
100 - I
distr. of sets 0 1 2 3 4 5 20
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Z2* Work in 2022, Next Steps S

Belle I

e HW/SW program for LS1 period concerning STT clearly defined
e Essential: Full concentration on new UT4 platform step by step
e Main goal is to bring the z resolution below 2 cm (simulation/training needed)
e Time scale to fulfill the new requirements seem OK (1.5 years)

e First DVT (MPI variant) could realistically be brought online for the next running
period

Development for LS2 (> 2026 ....), just for completeness

* New UT5 platform being discussed

e During LS2 CDC frontend will be replaced, providing also the digitized charge
depositions on all of the CDC wires (full ADC values, not just thresholds).

e Could be very useful for suppressing background hits for advanced DVTs and
further “sharpening” of the STT when design luminosity is being approached.
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