UNIVERSITAT
MUNCHEN qy Belle IT

Status of the STT & LS1 Plans
+ Neuro-Trigger-Activities Beyond

- STT:

Status and Problems (Feed-down and Fakes) -> data from HLT neuro-skims,
look at Exp 24 and 26 (beginning and end)

- Plans for LS1
Improve z-resolution for |z| > 10 cm (feed-down) -> Felix
Optimization of new 3D preprocessing & networks -> C.K. + NN
UT4: Integration of 2D/3D preprocessing + neural networks -> Kai, Marc
Development of a Displaced Vertex Trigger DVT -> Elia
Implementation of DVT into UT4 platform -> Kai, Marc

- Future
Some discussion points for LS2

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 1



=P
2

Launching the Neural z-Trigger in March 2021

D
o

Belle IT

x10°

Early 2021 running

Reco tracks:

z-distribution after full off-line
reconstruction, including VXD space
points

Networks trained with the real data
from May-June 2020

Large 2D trigger rate in 2021 ->
LYY bit: > 1 track,|z| <20 [ecm],
require = 2 (2D) tracks && y=1

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022

n recoZ0
N Exp.16, L~ 0.7 x 10* Offline Entries 2824647
400 | large bg also in Mean 16.13
L the IP“ peak reconstructed s s
- it PEANNG tracks '
300~ (vacuum worse
" in small diam. No
200 - Beam pipe) Crotch of bp HLT
D sCE l QCs tip| | filter
100 - acs \ yet
—100 —50 0 50 100[cm]
n X NnnhwZ0
80000 _— nice match of HW neural Entries 2223686
- Z-structure tracks Mean 23.08
60000 — seen in Std Dev 32.27
[ neural tracks
40000 |-
20000 - l
Y00 — 50 0o 50  1oo[cm]
nnhw z distr

Fundamental change at Belle |l
wrt Track Triggers:

due to overwhelming BG,

all 2-Track Triggers require

at least one neural track: ,y=1“




Z2» New Training with 2021 High BG Data B

Belle IT

- Training data from high background data 40000 NewRealZ
from the summer of 2021 " 9021 data e
30000:_ simulated StdDev 2317
- Better preparation of training data - with new
(we had some issues with the data for the 20090 training
expert networks with missing STS) 10000 L
- State-of-the-art network training frame work L '6'4' —25 00
used: PyTorch library z [cm]
clear improvement seen!
- Main features: . Old z
. loss function with additional term against ~ 25000 - e
large weights 20000 2021 data suDev 2375
: e el e - from old
. standardized initialization of network 150005 . s -
- training
parameters

. o 10000
. early training stop criteria :

5000 -

Q00 "0 o 50 100

z [em]
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nnHW tracks , reco IP

nnhwRecoMatchlPdZ0

r Entries 79033

i Mean 0.8045

i 1 Std Dev 494

15000 — o= %2 ndf 700.7 /61
- Prob 0

3 2 . 8 cm p0 1.634e+04 £ 1.313e+02

B pl 1413 £0.017

p2 2.842 £ 0.025

10000 L p3 2493 + 130.5
L p4 ~0.4472 + 0.0809

= ps 6.442 + 0.093

5000 — J L
0 1 1 L L I | | 1 ‘ 1 | | ‘ L L | 1
-100 -50 0 50 100
delta z [cm]

Single Track Trigger (STT):

|z|< 15 cm

nnhw tracks, reco IP

P>0.7 GeV

nnhwRecoMatchlPCost

4000

Entries 79033

Mean 0.3366

Std Dev 04276

3000

2000

1000

Exp 24, runs 790 - 890, New FW

PR R
0.5 1

cos(theta)

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022

nnhw tracks, reco IP

nnhwRecoMatchlPPhi0

1400~
C Entries 79033
1200 L Mean 2738
1000 :_ StdDev  94.39
800 [
600
400~
200
0 C 1 1 | 1 1 1 1 | 1 1 1 1 | Il Il Il
-100 0 100
phi [deg]

Results from improved training

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

Central Gauss: 0 =2.8 cm

2nd Gauss: 0=6.4cm (13.2 %)

7o»2-Resolution for IP Tracks (Exp 24, 2022-03

Belle IT

Old training: o = 5.6 cm: factor 2 improvement



z-Resolution Exp 26 (runs 33-200) I

Belle IT

nnHW tracks , reco IP nnhw tracks, reco IP
nn_hwRecoMatchlPdZO nhwRecoMatchiPFhio

8000~ E!r:;: ) 0:_5?32; i Entries 39001

I c= f;-cjr o 6405, 50 600~ Mean — 7.456
6000 N 3.2cm ;F:tr)Ob 6899 + 59_2 - Sbev %

L p1 -1.192 + 0.027 B

R p2 3.223 £ 0.039 400
4000 p3 915.4 +49.2

i pd 2.82+0.17

R p5 9.137 + 0.180 o
2000 200~ \

B - MGR board (?)
0-....I.-.I. P IR T 0_||||||||....|...
-100 -50 0 50 100 -100 0 100

delta z [em] phi [deg]
Results from high background
nnhw tracks, reco |IP
2000

p[Evies 25001 Gaussian fits to neuro tracks

| | Mean 0.3191 . .

1500 H 0o 04254 associated with reco tracks from IP

! (]z]|<1cm, d < 1.5cm)

1000

500: Central Gauss: 0 =3.2cm
ol A 2nd Gauss:  0=9.1cm
-1 -05 0

0.5 1
cos(theta)

Exp 26, runs 33-200
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z-Resolution Exp 26 (runs 1700-end) B

Belle IT

nnHW tracks , reco IP nnhw tracks, reco IP
nnhwRecoMatchlPdZ0 tatchiPPhR
14000 Entries 67061 1200 nnRecoMarEIPThe
12000 C Mean 0.2904 R Entries 67061
— — Std Dev 6,737 B
E - #2/ ndf 1040/ 63 1000~ Mean 1474
L Prob 4] B av .
10000 E 3. 1 cm 2:1 1_0939«-0_41-12617:1:;2: 800 :_ Std D 93.65
8000 p2 3107 + 0,031 N
C p3 2428 + 836 600 I
6000 F od 1.988 £ 0.090 |
o p5 7.709 £ 0.082
4000 400F \
2000 200 eff. recovered
0:....l..il. PR I T T Y 0:..I....I....I...
-100 =50 0 50 100 -100 0 100
delta z [em] phi [deg]
Results from high background
nnhw tracks, reco |IP
ntries 6706 . .
30000 1 Gaussian fits to neuro tracks
Mean 0.321¢9 i )
staDey 04292 associated with reco tracks from IP

(|z|]<1cm, d < 1.5cm)

2000
1000 Central Gauss: 0 =3.1 cm
T 2nd Gauss:  o0=7.7cm
cos(theta)

z cut lowered for all track triggers (,,y“ bit):

Exp 26, runs 1700-1968 (end) I y 4 I < 15 cm
C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 6



X%' (1): |z| >~20 cm: The ,,Feed-Down* Problem

Exp. 24
— 100
-
O,
N
S
c 50
|_
3
<
C
- 0
Cut for the STT:
|z| <20 cm

—-50

_10_Q]

Exp 24, runs 1900-2100

z0 reco vs z0 nnhw

nnhwZ0vsRecoZ0
Entries 154898 - . feed-down
| Mean x 2.262 n
| Meany 3.693
— | Std Dev x 31.25

O
=

50 100 50 O 50 100 150
reco Track z[cm]

10°*

|2| = 20 cm, STTactive 02/06/2022 84

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022




%“ |z| >~20 cm: The ,,Feed-Down* Problem

Expert 4: inner SSL missing

z0 reco vs z0 nnhw E4

nnhwZ0vsRecoZ0E4
= 100 [Teies 15570 -
O, | | Mean x 3476 1 -
N _ | Mean y 154 |am™ ™= ©
S -|StdDevx 6605 " o
© S50 | StdDevy 3372 .= -
|_ — - |
E -h
Data for large E
|z| in permille 0
range only !!

\ all reco tracks z [cm]

recoZ0

Mean

Std Dev

Entries 3274236

1.398

-
L]
~

14.12

PR I T S
50 100
reco z distr

:lllllllll PR
=100 -50 0

C. Kiesling, TRGDA(

0." [
N

-100

-50

0

Likely problem: to few data at
large |z| for training

50 100
reco Track z[cm]

150

02/06/2022 89




o» L Feed-Up“forz<0, Exp 24 Q(B

Belle IT

reco z distr. -1-10cm reco z distr. -10-20cm reco z distr. -20-30cm
recoZ0m10 - recoZ0m20 r recoZ0m30
2500 -_ Entrigs 4389 1400 '_ é Entries 4784 i ' Envies 5439
i - H 1500+
[ Mean  -7582 1200 - § Mean 1475 - . Mean  -24.1
2000 -_ S Dev 2.265 : :‘—: é Std Dav 3284 i :.b Std Dev 2824
- _ 1000 - § g ) : it
i - 1000
1500 800F i I
: : dotted: [ [
i i 600 F I
1000 i recoz g
: 400fF 500
500 ook plots for +z
ST 1L : . : and Exp. 26
0 I B Ll FI PR R 1 PR B 1 PR T 1 O L1
-100 -50 0 50 100 -100 -50 0 50 100 -100 100 see backup
reco z distr. -30-40cm reco z distr. -40-50cm reco z distr. <-50cm
recoZ0m40 recoZ0m50 [ recoZ0me0
600 B : L
g Entries 237 Entrias 1680 500 -_ Entrias a1z
'é: Mean 34.59 300 Mean 44 @5 : hMean 58.14
: SHDev 2941 Std Dev 2351 400 __ StoDev 1325
400F I
Solid: 200 300
neuro 200F
2001 5l
rack z 100
trac 1oof
0...._' I BT B | 0 i PR 0-._._ .i....l.... L
-100 -50 0 50 100 -100 100 -100 50 0 50 100

dotted lines: z for reco tracks, solid line: z for matched neuro tracks, in six z-intervals
C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 9
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7o (I1): STT Contribution in Trigger Menu

D
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Belle IT

# reco tracks
a recoTrkMult
B Entries 1968779
600
| Mean 2.185
B Std Dev 2.685
- Exp. 24
400
200
0 [ _L!“‘r‘,\ ; .
0 5 10 15 20
# tracks
3 # reco tracks
x10 recoTrkMult
800
J Entries 3171750
: Mean 2.347
600 StdDev  2.705
- Exp. 26
200 Runs 1700-1968
2001
D0 5 10 15 20
# tracks

# reco tracks

400

300

200

Exp. 26
Runs 33-200

100

o

2

recoTrkMult

Entries 1321474

Mean 2.052

Std Dev 2.493

o LI | LI I LI I LI LB I ><
- —_—
| o
- w

20

5 10 15
# tracks
# reco tracks
1200 recoTrkMult
B Entries 6127
1000 _— Mean 3.342
Std Den 3.296
800 EXp 26 -
Run 1955

600

400

200

o

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022

35

20

# tracks

Clear tendency of
events with large
spread of charge
multiplicity during
spring/summer
running, relative
to 2-track events

(Bhabhas)

,Background” ??
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all reco tracks cos(theta)

x10
100 1recoCost
- Entries 3274236
- Mean 0.2286
80
Std Dev 0.5685
60 [~
N Exp. 24
40
20
_. PO S [ T TR TR TR N S TN S TR N S TR T
0—1 -0.5 0 0.5 1
cos(theta)
. all reco tracks cos(theta)
X107 ecoCost
E Entries 7541786
500:_ Mean 0.326
400 :_ Std Dev 0.6385
300F Exp. 26
200 Runs 1700-1968
100 [
N M M B
0_1 -0.5 0 0.5 1
cos(theta)
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all reco tracks cos(theta)

-
o
J

““IrecoCost
B Entries 2729731
150
L Mean 0.2489
i StdDev 06275
100~ Exp. 26
[ Runs 33-200
50
[ rl | " 1 PR R T T T
0—1 -0.5 0 0.5 1
cos(theta)
all reco tracks cos(theta)
recoCost
- Entries 20962
1500 | Mean 0.3711
| |swpev 0854
1000 Exp. 26

500

Run 1955

PR I S T
0.5 1
cos(theta)

Clear tendency of
events with large
spread of charge
multiplicity during
spring/summer
running, relative
to 2-track events
(Bhabhas?),
populating the
FWD / BWD polar
regions

,Background” ??
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%:» CDC Hit Multiplicities for Reco Tracks

D
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CDC Hits in Reco Trk

3
<10 recoTrkCDCHits
400 Entiies 3274236
Mean 39.78
300 | Std Dev 2227
Exp. 24
200
100
o e . M e
0 20 40 60 80 100
# CDC hits
5 CDC Hits in Reco Trk
X 10 recoTrkCDCHits
Entries 7541786
2500 Mean 2233
Std Dev 2361
2000
Exp. 26
1500+
Runs 1700-1968
1000
500
0 M TR T S "
0 20 40 60 80 100
# CDC hits

CDC Hits in Reco Trk

3
600 510 recoTrkCDCHits
Entries 272973
Mean 31.75
EXp 26 StdDev 2364
400 .
Runs 33-200
200
0 PN S S T N I S S |
0 20 40 60 80 100
# CDC hits
CDC Hits in Reco Trk
12000 F recoTrkCDCHits
Entries 20962
10000 f+ Mean 12.1
Std Dev 2057
8000+
Exp. 26
6000+
Run 1955
4000
2000
0 il" 4 -+ o L N
0 20 40 60 80 100
# CDC hits

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022

Belle IT

Clear tendency of
reduced ADC
counts for reco
tracks during
spring/summer
running
(inceased cross
talk?)

more tracks in
FWD / BWD

,Background” ??
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SVD Hit Multiplicities for Reco Tracks A

Belle I
) SVD Hits in Reco Trk 3 SVD Hits in Reco Trk
2000 x10 recoTrkSVDHits 1400 ém — recoTrkSVDHits
B n Entries 3274236 C Entries 2729731
: 1 Mean 6.931 1200 :_ 1 Mean 6.563
1500 - Std Dav 278
- StdDev 2591 1000 F
N : Clear tendency of
i 800 )
1000{- Exp. 24 : Exp. 26 reduced SVD hits
i 600
- s T Runs 33-200 for reco tracks
i 400 .
S00r ; during
F 200 | .
:—I (] : || spring/summer
0 P | MRS R 0 N | —_— s oy .
0 5 10 15 20 0 5 10 15 20 running
# SVD hits # SVD hits
5 SVD Hits in Reco Trk SVD Hits in Reco Trk
0 recoTrkSVDHits - — recoTrkSVDHits
3000 u - Enuries 7541786 n Entries 20962
i T Mean 6.37 12000 Z_ Mean 6.188
L l staDev 2497 [ 10000 :— StdDev 2053
2000 Exp. 26 8000 Exp. 26 more tracks in
i i 3 ' FWD / BWD
: Runs 1700 5000 Run 1955 /
1000 1968 4000 |-
N . “ 27
: N 2000:' »Background” ?*
PR | _— s C
%0 5 10 "2 up il % TS R R
#SVD hits # SVD hits
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Z2» Exp. 24: STT Rate B

Belle IT
3 # reco tracks reco TraCkS, Only STTBit
>-(1 9 recoTrkMult [ TrkMultOnlySTTBiY
B Entries 1988779 B Entries 45557
600 __ Mean 2.185 20000 :— Mean 1.363
- Std Dev 2685 B Std Dev 1.52
400 15000 - fract. of STT
I F (excl.): 2.3%
i 10000 |-
200 [
I L’H"\ 5000
L L L L I L L L = L ! = L B i i i L L i i L 1
% 5 10 15 20 09 5 10 15 0
# tracks
# reco STTBit 3 # reco no STTBiIt
recoSTTfTrkMult 2< 10 recoNoSTTTrkMult
200 Entries 552982 E Entries 1415797
Mean 362 400 N Mean 1625
Std Dev 3553 : Std Dev 1.994
150 '
fract. of STT 3001 fract. of STT
; . 0 [ i . 0
100 (incl.): 28.0% 200 (incl.): 28.0%
S0 100
0 I .—?_!_:_:_:_ﬁk s 0 . PR ._!_!_:_'.\ 4 | I R
0 5 10 15 20 0 5 10 15 20
STT # tracks #no STT # tracks
Exp 24, runs 1900-2100 |z| = 20 cm, STTactive 29/11/2022 4

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 14



Z* Exp. 26, runs 0-200 5

Belle IT

3 # reco tracks reco Tracks, Only STTBit
400 i'I 0 recoTrkMult N .uleMu]tOnin‘l’TBitI
- Entries 1321474 - Entries 38508
-l Mean 2052 1 5000 __ Mean 1.201
300 — StdDev  2.493 [ StdDev  1.317
. I fract. of STT
B 10000 |~
200 [ (excl.): 2.9%
100 5000
0 : Lt EE— - L et [ I T 1 PRI [ S S TR T [ S T
0 5 10 15 " trackgo % 5 10 15 20
3 # reco STTBit # reco no STTBiIt
120 x10 recoSTTfTrkMult recoNoSTTTrkMult
N Entries 357075 300 Entries 964399
100 - Mean 33 Mean 1591
- StdDev 3405 Std Dev 1.853
80 F 200
: fract. of STT -
60 [ . I
. (incl.): 27.0% i
40 100
20 I
L L n P T T n PR TR TR TR N T i PR TR BT
% 5 10 15 20 % 5 10 15 20
STT #tracks #no STT # tracks
Exp 26, runs 33-200 |z| = 20 cm, STTactive 28/11/2022 4
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<” Exp. 26, runs 1700-end =

Belle IT
# reco tracks reco Tracks, Only STTBit
500 )i'l 0 recoTrkMult - ecoTrkMUtONlySTTBI!
J Entries 3171750 E_r Entries 107671
R Mean 2.347 30000 - Mean 1.529
600+ Std Dev 2.705 : Std Dev  1.957
[ - fract. of STT
400 20000 (excl.): 3.4%
200k 10000 |-
[ : | . STT rate (incl.)
0 — . i ’ : 0———— L , e —— .
0 5 10 15 #trackio 0 5 10 15 20 IS remarkably
stable
3 # reco STTBit 3 # reco no STTBiIt
250 510 recoSTTfTrkMult recoNoSTTTrkMult
E Entries 871329 600 Entries 2300421
200 - Mean 3345 Mean 1.969
E StdDev  3.388 StdDev 2285
150 - 400
: fract. of STT STT rate (excl.)
- H . 0, .
100 (incl.): 27.5% marginal, but
N 200
sof shows some
' increase
% 5 10 15 20 0 15 20  (2.3% ->3.4%)
STT #tracks # no STT # tracks
Exp 26, runs 1700-1968 (end) |z| = 15 em, STTactive 2811172022 4
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Z2» (Il1): Fake Neuro Tracks (Exp 24 -> Exp 26) K=

Belle IT

Fake nn mult zero prongs, STTF

fakezeromultSTTF

Entries 20223
Mean 3.176

Std Dev  3.828

fakezeromultSTTF

Entries 82320

Mean 2.425

Std Dev  2.832

12000 F —
10000 |-
8000
' Exp. 24:
6000 |-
; fract. of STT fakes
4000 )
- (incl.): 1.0%
2000
N TR T 20
FAKES nnhw mult
Fake nn mult zero prongs, STTF
50000 F —
40000
30000 Exp. 26 (end):
20000 fract. of STT fakes
; (incl.): 9.5%
10000 | L
O- L i L L 1 i i I

o

5 10 15

20

FAKES nnhw muilt

More plots see Backup

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022

Fake nn mult zero prongs, STTF

F— fakezeromultSTTF
12000 f_ Entries 29238

N Mean 4.501
10000 [ StdDev  4.394
8000 Exp. 26 (start):
6000 F fract. of STT fakes
4000 (incl.): 8.2%
2000 F

O "% 0 s 20

FAKES nnhw mult
Data: look at events with no reconstructed
track &
plot multiplicity of neural tracks

events triggered by STT
During 2022 running (spring -> summer)

a clear increase of ,fake” neural tracks was
observed: 1.0% -> 9.5% (about 40% excl.)

->~ 0.4 - 4% are excl. STT fakes
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o0 Reco Tracks -> Fake Neuro Tracks o>

- — Belle II
BE:mQ:" — = — Run 33, Event 1391616
Event

g 4520 g DataStore / Back

Delay (s): | 3.5 Arrays

Ji i brun/
ump to eventrun/exp ARICHAercHits (0)

Event: 1391616 is:g:awtg\tts;ﬂ

. its (5)
fun: 8 ARICHLikelihoods (0)
Experiment: 26

ARICHRawDigits (71

ARICHSimHits (0)

ARICHTracks (0)

BKLMHit1ds (22

» BKLMHit2ds (1

| BKLMSimHitPositions (0)

BKLMSimHits (0)

BeamBackHits (0)

| BremHits (0)

| CDCDedxLikelihoods (0)

| CDCDedxTracks (0)

CDCHits (4693

CDCRawHitWaveForms (0)

CDCRawHits (4693

CDCRecoTracks (0}

CDCSimHits (0)
CDCTrigger2DFinderClones (32
CDCTrigger2DFinderTracks (32
CDCTrigger2DTo3DBits (48
CDCTriggerHoughClusters (35
CDCTriggerNNBits (48}
CDCTriggerNNInput2 DFinderTracks (12
CDCTriggerNNIinputAllStereoSegmentHits (230
CDCTriggerNNInputSegmentHits (71}
CDCTriggerNeuroTracks (12
CDCTriaaerNeuroTracksinout (12) v

<2022-05-11 18:38:54 UTC>»

Options
" Show MC info
[ Assign hits to primary particles
¥ Show all primaries
W Show all charged particles
¥ Show all neutral particles

L ., 0 3
[ Hide secondaries

¥ Show candidates and rec. hits

[¥ Show tracks, vertices, gammas

Current Viewer

Save As..| Save As (High-Res)

Dock/Undock Viewer

Visualisation Options

Dari/light colors

[T Cumulative mode (experimental)

Automatic Saving (experimental)

Prafix: | display_

Width (px): | 800 5| Save PNGs

Closing
Exit
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Z2» Details for Run 33, Event 1391616 S

Belle I

——————— Track Output ------ Event 1391616 Run 33 ->this is a FAKE STT event, passed STT
# of reco Tracks : O

hw Tracks : 3

1 (STT) phi 90, cost 0.42,z0 10.69, DTerr 3, charge -1, p[GeV] 1.02, exp 1, Quad O
network output (int): z0 438, theta -1280, th from cos 65

2 (STT) phi 132, cost -0.29, z0 11.08, DTerr O, charge 1, p[GeV] 10.65, exp 2, Quad 0
network output (int): z0 454, theta 851, th from cos 106.62

3 phi 139, cost 0.64, z0 26.95, DTerr 2, charge -1, p[GeV] 0.83, exp 3, Quad 1,
network output (int): z0 1104, theta -2053, th from cos 49.9

Trig Bits for FTDL# f=1, ff=1, fff=1, ffy=1, fyy=1, yyy=0, fy=1, yyyv=0, y=1,
yy=1, fyo=1

Physics event :0, hw (calc) pass :1, y : 1 STT (Ftdl): 1|STT (Psnm): 1 ,Hie:1 C4:1)Iml:0,
other triggers : O

CDC shows a lot of close-by wire hits, almost uniformly distributed -> cross talk??

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 19



o0 Reco Tracks -> Fake Neuro Tracks

Browser Eve Camera Scene

Eve EventControl
Event
=
G| 43| et @
Delay (s): | 35 =
Jump to eventrun/exp...

Event; 563200
Run: 1955
Experiment: 26

¢2022-06-21 17:23:18 UTC»

Options
" Show MC info

I™ Assign hits to primary particles

¥ Show all primaries
I Show all charged particles
¥ Show all neutral particles
" Hide secondaries

I Show candidales and rec. hits

¥ Show tracks, vertices, gammas

Current Viewer

Save As Save As (High-Res)

Dock/Undock Viewer

Visualisation Options

Dark/light colors

[T Cumulative mode (experimental)

Automatic Saving (experimental)

Prefix: |display_

800 5

=

Width (px]:

Closing
Exit

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), 30, 2022

Save PNGs

Run 1955, Event 563200

Tab 1

DataStore / Back

Arrays

ARICHAeroHits (0)

ARICHDigits (52

ARICHHits (52)

ARICHLikelihoods (0)

ARICHRawDigits (71

ARICHSimHits (0}

ARICHTracks (0)

BKLMHitlds (18)

BKLMHit2ds (1

BKLMSimHitPositions (0)
BKLMSimHits (0)

BeamBackHits (0)

BremHits (0)

CDCDedxLikelihoods (0)
CDCDedxTracks (0)

CDCHits (2662
CDCRawHitWaveForms (0)
CDCRawHits (2662

CDCRecoTracks (0)

CDCSimHits (0)

CDCTrigger2 DFinderClones {90
CDCTrigger2 DFinderTracks {90
CDCTrigger? DTo3DBits (48
CDCTriggerHoughClusters (8
CDCTriggerhNBits (48
CDCTriggerNNInput2DFinderTracks (71
CDCTriggerNNInputAllStereoSegmentHits (404
CDCTriggerNMInputSegmentHits (400
CDCTriggerNeuroTracks (71)

CDCTriaaerNeureTracksinput (71)
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Z2» Details for Run 1955, Event 563200 S

Belle I

——————— Track Output ------ Event 563200 Run 1955 -> this is a FAKE STT event, STT only
# of reco Tracks : O Example of Exclusive STT Fake Trigger
hw Tracks : 7

Final Array of 7 NNhw tracks

1 phi 57,cost 0.61, zO 44.04, DTerr O, charge 1, p[GeV] 6.45, exp 4, Quad O,
2 STT phi 139, cost 0.62,z0 3.42,DTerr O, charge 1, p[GeV] 3.27,exp 0, Quad 1
3 phi 163, cost 0.23,z0-32.37, DTerr 1, charge 1, p[GeV] inf, exp 4, Quad 1
4 STT phi 150, cost -0.01, z0 0.88, DTerr 1, charge -1, p[GeV] 2.55, exp 4, Quad 1
5STT phi 173, cost 0.42,z0 -0.59, DTerr 1, charge -1, p[GeV] 5.62, exp 3, Quad 1
6 STT phi -91, cost -0.03,z0 8.08, DTerr 3, charge -1, p[GeV] 3.4, exp 4, Quad 2
7 phi -31, cost 0.23,z0 25.95, DTerr O, charge 1, p[GeV] 10.5, exp 3, Quad 3

Trig Bits for FTDL# f=0, ff=0, fff=0, ffy=0, fyy=0, yyy=0, fy=0, yyyv=0, y=1,
yw=1, fyo=0

Physics event :0, hw (calc) pass :1,y : 1 STT (Ftdl): I STT (Psnm): 1 , Hie: 0 C4:0, Iml:0,
other triggers : O

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 21



Z>» (IV): Neuro Trigger Plans for LS1 i

Belle I

The driving arguments:

further improve the z-resolution of the STT due to recently observed new backgrounds
close to the IP (from presently about 3 cm to below 2cm)

[machine background has dramatically increased with increasing luminosity during the
last months before the shutdown in June 2020]

- Porting track finding (2D/3D Hough) to UT4 + network operation: provide latency for
full exploitation of the CDC information:

- Include information of the charge deposition (ADC signals) on the wires
-> more complex neural algorithms for the STT

- new algorithms sensitive to events with displaced vertices ("Displaced Vertex
Trigger" DVT).

Task list to be completed during the Long Shutdown (LS1)
-> person power in the project needs serious consideration

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 22
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Zo» Task List for STT HW Developments g

o

Belle IT

This is short-term time scale development (completion ~ first quarter of 2023)
1. Develop FW for the UT4 (160) boards:
 mandatory for any extension of the present algorithms.

e First project: port the existing STT firmware (FW) installed on the UT3 onto the
UT4 platform (preprocessing and network algorithms)

Time scale for realizing the porting of the FW onto the UT4 platform to be discussed
2. Testing and evaluating the newly established FW on the UT4 platform with Cosmics
 Run without magnetic field (detector open for the installation of the new PXD).

e Data with both the present UT3 and the new UT4 successively

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 23



Z¢= Task List for STT HW Developments g
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This is mid-term time scale development (completion ~ second / third quarter of 2023)
3. Major change in the hardware chain of the neural track trigger system
e Replace the 2D input from the standard 2D track trigger with our own
implementation on the UT4 board (sample code from 2D may be used and
adapted)

e use standard preprocessing and STT networks already developed under point 2.

* Important point: new FW should include a cluster algorithm in the 2D Hough
plane (this is a necessary exercise for the DVT in the MPI version)

e At the same time (or earlier) the existing 3D preprocessing can be tested
(network algortihms using 3D still to be developed)

 Add Displaced Vertex Trigger
-> need new set of TS, optimization ongoing (see Marc’s presentation)

->Algorithms already quite advanced (see Elia’s presentation)

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 24



Z¢= Task List for STT HW Developments g

Belle I

4. Implementation of neural algorithms using 3D preprocessing

The cluster algorithm from the previous step 3 should be extended to 3D,
executing on 9 theta bins in parallel (-> optimization ongoing).

 Network training with the new 3D input.

e The input could be simulated with the wire signals from real data, training can
then be done with this modified input stream.

e Also here a cosmic test would be essential. The time scale most likely towards
the second half of 2023.

Central questions:

-> What is the gain in z resolution at small and large z (this might be more
important than increasing the polar angular range.

-> What is the chance to reduce fake tracks?

Time scale for network optimization with 3D preprocessing realistically not
before mid of 2023

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 25



Zo» Long-Term Plans (->LS2) BE

Belle I

5. For the "ultimate" z-resolution of the STT use the complete wire information from
the track segments.

e Using all 11 wires will require more complex networks (more inputs, possibly
more hidden layers).

e |Information from CDC ADC counts can be used (thresholds on wire signals with
the track segments (TS).

* Required additional latency comes from the integration of the 2D/3D
preprocessing (see points 1-4) into the UT4 platform, performing also the neural
computation.

e The same "win" in latency might also make possible the implementation and

execution of GNNs and other involved network architectures on the UT4 platform
for the DVT project

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 26



£ Summary and Conclusions Do

Belle I

Analysis of STT shows relatively stable rate budget even under large
backgrounds (end of 2022 running)
However, “Feed-down” and “Fakes” will get attention (-> mainly re-training)

Major next goal: bring 3D-preprocessing & networks online, possibly with
coarse analog thresholds for CDC wire signals (cross-talk, spiraling electrons)

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

HW/SW activities are well-defined, full concentration on new UT4 platform
Development for LS2 (> 2026 ....), just for completeness
e New UT5 platform being discussed

* 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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Backup
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Z% Groups Involved in Neural Trigger Project I

Ty
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Core Team:
KIT ITIV:
Jurgen Becker (Pl), Steffen Bahr*, Marc Neu, Kai Unger (+ students):
FPGA prog. UT3/UT4
Sebastian Skambraks*: 3D track finding, DM (MC) neuro algorithms (basf2 impl.)

TUM (inf):
Alois Knoll (Pl), Felix Meggendorfer (+ students): Neuro algorithms, training with
real data, DQM (basf2 impl.)

MPP:
Christian Kiesling (Pl), co-supervising TUM/LMU students, Elia Schmidt:
Trigger analysis (basf2) , STT and DVT development

Physics support:

KIT ETP:
Torben Ferber(Pl), Pablo Goldenzweig (+ students): Dark matter generators

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 29



>»  Feed-Up*“ for z> 0, Exp 24
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,Feed-Up“ forz<0, Exp 26, run 33-200
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»,Feed-Up“forz> 0, Exp 26, run 33-200 M3
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,Feed-Up“forz<0, Exp 26, run 1700-end
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,Feed-Up“ for z> 0, Exp 26, run 1700-end Pf=S
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Z2» Neuro-Tracks in IP Events: z-Distribution
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23;0 (Il1): Fake Neuro Tracks (Exp 24) B
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%" Fake Neuro Tracks (Exp. 26, start) =
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Fake nn mult zero prongs, STTF fake nnhw z0
= fakezeromultSTTF fakeZeroMultZ0
. 4000
12000 r Entries 29238 : Entries 132310
C Mean 4.501 - Mean 9637
10000 Std Dev  4.394 3000 n StdDev 1528
8000 X
F fract. of STT fakes [
6000 - . 2000 ~
F (incl.): 8.2% .
4000 1000 a
20001 —I_l—'_ﬁxg’*’\ E
0 . PR PR RPN 0 B i DEPRREPIN SEPRRPRPINN BEPRRPRRP B
0 5 10 15 20 -40 -20 0 20 40
FAKES nnhw mult FAKES nnhw z distr
fake nnhw cos() fake nnhw Phi0
fakeZeroMultCost fakeZeroMultPhil
- Entries 132310 3000 __ Entries 132310
: Mean 0.1826 B Mean 17.99
3000 - StdDev  0.3278 : StdDev 1065
i 2000 ||||||
20001
Z 1000
1000 N
0 B L N O [ P | PR " " I v v o o 1
-1 -05 0 0.5 1 -100 0 100
Exp 26, runs 33-200 |z| = 20 em, STTactive 28/11/2022 9

C. Kiesling, TRGDAQ-Workshop, Nara, Japan (remote), Nov. 30, 2022 37



%" Fake Neuro Tracks (Exp. 26, end) =
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Fake nn mult zero prongs, STTF
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No Reco Tracks -> only STT Bit

e | Run 1955, Event 142080
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Z2» Details for Run 1955, Event 142080 S
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——————— Track Output ------ Event 142080 Run 1955 -> this is a FAKE STT event,
triggered by STT Bit alone

# of reco Tracks : O
hw Tracks : 1

Final Array of 1 NNhw tracks
1 (STT) phi 173, cost -0.44, z0 13.87, DTerr O, charge 1, p[GeV] 1.14,exp 1, Quad 1
network output (int): z0 568, theta 1330, th from cos 115.98

Trig Bits for FTDL# f=1, ff=0, fff=0, ffy=0, fyy=0, yyy=0, fy=0, yyyv=0, y=1,
yy=0, fyo=0

Physics event :0, hw (calc) pass :1,y : 1 STT (Ftdl): I STT (Psnm): 1 , Hie: 0 C4:0, Iml:0,
other triggers : O
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* No Reco Tracks -> Fake Neuro Tracks

Browser Eve Camera Scene
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Run 33, Event 842240

Tab 1

DataStore / COCTriggerNeuroTracks[1] Back

CDCTriggerNeuroTracks[1]
Previous Next
Related Objects

this => CDCTriggerNNIinputSegmentHits[5]
this > CDCTriggerNNIinputSegmentHits[6]
this -> CDCTriggerNNInputSegmentHits[7]
this -> CDCTriggerNNInputSegmentHits[8]
this -> CDCTriggerNNInputSegmentHits[9]
this -> CDCTriggerNNInputSegmentHits[10]
this -> CDCTriggerNeuroTracksinput[1]

this -> TSimMNeuroTracks[1

this <= CDCTriggerNNInput2DFinderTracks[1]

Object Details

Belle2::CDCTriggerTrack ()

m_chi2D o
m_chi3D o
m_time 35
m_quadrant 3
m_foundoldtrack ->404409a8

->404409d0

m_driftthreshold

41



Z>» Details for Run 33, Event 842240 B
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——————— Track Output ------ Event 842240 Run 33 ->this is a FAKE STT event, passed STT

# of reco Tracks : O
hw Tracks : 1

Final Array of 1 NNhw tracks

1 (STT) phi -19, cost 0.83,z0 -0.1, DTerr O, charge -1, p[GeV] 3.62, exp 3, Quad 3
network output (int): z0 -4, theta -2853, th from cos 34.28

Trig Bits for FTDL# f=1, ff=1, fff=0, ffy=0, fyy=0, yyy=0, fy=1, yyyv=0, y=1,
yy=0, fyo=1

Physics event :0, hw (calc) pass :1,y : 1 STT (Ftdl): 1|STT (Psnm): 1 , Hie:1 C4:1|Iml: 0,
other triggers : 0

CDC shows a lot of close-by wire hits, almost uniformly distributed -> cross talk??
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