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Some Trigger Studies
during Christmas Holiday

- Compare special runs without HLT Filter to neuro skim files:
Runs 1766-1780 vs Neuro Skims runs 1700-end
+ Trigger Timing -> seems understood now

- New features provided by Felix:
* New training with data from Exp. 26
* Select neural networks from Data Base
Prediction of z/0 based on:
-> TS taken from HW preprocessing (test network performance)
-> full simulation from CDC information (just the beginning)
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Z2» Exp 26, runs 1766-1780: No HLT Filter B

Belle IT

Time scale is us ! HER and LER are injected with 25 Hz each, alternating

time after inj. HER time after inj. LER

3 3
x10 hHitsAfterlnjHER x10 hHitsAfterInjLER
Entries  4.215318e+07 2500 :_ Entries 8.448238e+07
1 500 Mean 1.78%e+04 : Mean 2.3T6e+04
Std Dev 1.521e+04 2000 :_ Std Dev 1.725e+04
1000l all triggers 1500 all triggers
i 1000
500
N | 500
P SO T rvrerss warsrssrm M 3 [0 ) PSP S B o x10°
0 20 40 60 80 100 0 20 40 60 80 100

Steps expected each 20 ms !

STT time after inj. HER STT time after inj. LER

3 3
0 STTTimAfterinjHER X 1 0 STTTimAfterinjLER
Entries 4656292 300 Entries 9383569
Mean 1.772e+04 Mean 2272e+04
Std Dev  1.478e+04 Std Dev 1.72e+04
200
100
3 3
. .. Ix10 ) PP PRI SPUPRPR x10
80 100 0 20 40 60 80 100
Exp 26, runs 1760-1780, NoHLT |z| = 15 cm, STTactive 25M2/2022 4
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2},7” Exp 26, runs 1700-end: Neuro Skim I

Belle IT

Statistics in Neuro Skim about only 3% of noHLT runs : full TRG readout required

time after inj. HER time after inj. LER

- hHitsAfterinjHER - hHitsAfterinjLER
50000 : Entries 1412768 50000 :_ Entries 1738775

E lean 1.981e+04 40000 __ Mean 2474e+04
40000 - Std Dev  1.589e+04 : Std Dev  1.856e+04
30000 all triggers 30000 all triggers
20000 - 20000
10000 f_ 10000

0 i b e X 03 0 ) i x1 03
0 20 40 60 80 100 0 20 40 60 80 100
STT time after inj. HER STT time after inj. LER

STTTimAfterinjHER

STTTimAfterinjLER

Entries 214247 Entries 250739

Mean 2e+04 Mean 2 473e+04

StdDev  1.584e+04 5td Dev  1.869e+04

3 3
. 1x10 x10
100 100
Exp 26, runs 1700-end |z| = 15 cm, STTactive 2711212022 4
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B,

s> Exp 26, runs 1766-1780: No HLT Filter B

Belle IT

STT fake time after inj. HER STT fake time after inj. LER

10°

S X o en
STTFakeTimAfterinjHER 1 20 E STTFakeT] L
20000 Entries 466533 Entries 1253549
Mean 1.741e+04 100 :\ Mean 1.69e+04
15000 StdDev  1.43e+04 80 E_ [ St ro ng pea k SidDev  1674e+04
' within first
i 60
10000 ' few turns
i 40t
5000 i
- 20f]
0 [ e X 03 0 : P P ] x1 03
0 20 40 60 80 100 0 20 40 60 80 100
STT fake time after inj. HER STT fake time after inj. LER
Entries 466533 5 Entries 1253549
1 04 Mean 1.741e+04 1 0 Mean 1 69e+04
E StdDev  1.43e404 StdDev 16748404
10°
3 10°F
102 I
- 10°F
10 £ ;
E I P - 1 1 .X103 '...|...|...|...1...)<'|03
0 20 40 60 80 100 0 20 40 60 80 100
Exp 26, runs 1760-1780, NoHLT |z| < 15 em, STTactive 25/12/2022 5
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7

zo» Exp 26, runs 1700-end: Neuro Skim B

Belle IT

STT fake time after inj. HER STT fake time after inj. LER
1 000 : Entries 13688 Entries 20642
800 StdDev  1526e+04 Strong peak SidDev  1778e+04
sook within first
: few turns
400m]
M
o) SRR W G R x10° PP PP b s e L x10°

0 20 40 60 80 100 40 60 80 100
STT fake time after inj. HER STT fake time after inj. LER
1 03 Entries 13688 Entres 20642
Mean  1.805e+04 ‘|0:3 Mean  1771e+04
B Std Dev  1.526e+04 Std Dev  1.778e+04
10
- 10°
10F
- 10
1 -
3 - M. Ix10° e k10
0 20 40 60 80 100 0 20 40 60 80 100
Exp 26, runs 1700-end |z| = 15 cm, STTactive 2711212022 5
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%*" Exp 26, runs 1766-1780: No HLT Filter I

Belle I

5 # reco tracks s reco Tracks, YBit + others
x10 recoTrkMult a 0 recoTrkMultYBit
14— ‘l
._‘—I— Entries  1.268425e+08 | Entries 4.845775e+07
30 __ Mean 1808 12 :_ IA2an 2458
: St Dev 2346 10 E_ St Dev 2731
20 8F
[ 6
10F 4F
i 2F
B M M Lo by T 1 B —1
00 5 10 15 20 UD 15 20
# tracks # tracks
3 # reco STTBit 6 # reco no STTBit
x10 recoSTTfTrkMult x10 recoNoSTTITrkMult
: | Entries 2.06814e+07 Entrizs  9.816108e+07
8000 __ Mean 2585 Mean 1.7
: Std Dev 2887 Std Dev 2
6000
4000 =
2000+
[ 1 X 1 X 1 L X n h i 3 " 1 M M 2 M
00 5 10 15 20 00 5 10 15 20
STT #tracks #no STT # tracks
Exp 26, runs 1760-1780, NoHLT |z] = 15 em, STTactive 25/12/2022 &
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7

zo» Exp 26, runs 1700-end: Neuro Skim B

Belle IT

5 # reco tracks ; reco Tracks, YBit + others
x10 recoTrkMult x10 recaTrkMultYBit
800 -
__\J7 Entries 3171750 - Entries 1311874
i Mean 2347 300 [ Mean 3173
600 SdDev 2705 i StdDev 3218
B 200
400 B
200 N 100 L
[ y [ ol P e
00 15 20 00 5 10 15 20
# tracks # tracks
# reco STTBIt 3 #reco no STTBit
250 i recoSTTTrkMult x10 recoNoSTTfTrkMult
- Eniries 871320 600 Entries 2300421
200 - Mean 3.345 Mean 1.969
E StdDev  3.388 StdDev 2285
150 r 400
100
L 200
50 [
0 : 1 P I TR S R O PR S T PR T .
0 5 10 15 20 0 5 10 15 20
STT #tracks #no STT # tracks
Exp 26, runs 1700-end |z| = 15 em, STTactive 27/112/2022 6
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' ) D

222 Exp 26, runs 1766-1780: No HLT Filter

<o

Belle IT

nnHW Track Multiplicity nnhw Tracks, YBit + others

3 3

)_(10 nnhwTrkMult 120 _1 nnhwTrkMultY Bit

150 =[] Entries 242779 : Entrnes 1884486

n Mean 1631 100 :— Mean 1,699

: Std Dev 1.335 : Std Dev 1.457
100} 8oF
- 60 |-
50 B 40 :—
I 20

% 5 10 15 20 % 10 15 20
# nnhw STTBit # nnhw no STTBit

80000 F — nnhwSTTTrkMult 80000F — nnhwNoSTTTrkMult

B Entries 119557 : Entries 123222

- Mean 1.735 o Mean 1.531

60000 B StdDev 1534 60000 B StdDev 1013
I 49.2% !
40000 — 40000+
20000 — 20000

1 1 . PR IR T T TR N S S S
% 5 10 15 20 % 10 15 20
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o

22 Exp 26, runs 1700-end: Neuro Skim <

Belle IT

nnHW Track Multiplicity nnhw Tracks, YBit + others

x10° x10° :
nnhwTrkMult nnhwTrkMultYBit
1000 : (] Entries 1853049 : [ | Entnes 1306812
B Mean 1.707 - Mean 1.783
800 600~
C Std Dev 1.339 R Std Dev 1.446
600 [
N 400
400 -
[ 200+
200~ -
00 5 10 15 20 00 5] 10 15 20
3 # nnhw STTBit 3 # nnhw no STTBit
x10 hwSTTTrkMult x10 L
C nnhw: rkMu 500 = nnivwNoSTTITreMult
500 - Entries 868207 B Entries 784842
N Mean 1851 . Mean 1548
400 400
o Std Dev 1572 - Std Dev 0.9972
300F 52.5% 300
200 C 200 :_
100F 100 -
C P I M R C M M PR R
% 5 10 15 20 % 5 10 15 20
Exp 26, runs 1700-end |z| = 15 cm, STTactive 271212022 7
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B,

s> Exp 26, runs 1766-1780: No HLT Filter B

Belle IT

nnHW tracks , reco IP nnHW clean tracks , reco IP
_ nnhwRecoMatchIPdZ0 nnhwRecoMatchlPCleandZ0
2500+ Entries 12576 = Entries 8722
C Mean - Mean -0.3435
[ Std Dev 6.721 ] - Std Dev 5482
= | B il
- 2/ ndf 2744751 [ 32 I ndf 151/ 37
20001 Prob 2.387e-32 1500 Prob 1.016e-15
_ p0 1913 + 49.8 s p0 1434 1 48.8
_ p1 _ + ; p1 -1.323 + 0.062
1500 p2 2.953 + 0.086 || - p2 2754 + 0.106
N p3 6 T 40, 1000 [ p3 473+ 525
- p4 1471+ 0.197 [ pd 0.8263 + 0.2435
1000~ p5 6.733 + 0.136 X b5 6.111+ 0.164
N 500+
500 i
0 . 1 MR - M R 0 P TP AN T PRI RS
-100 -50 0 50 100 -100 -50 0 50 100
delta z [cm] delta z [cm]
matched neuro tracks
nnHW Err2 tracks , reco IP . .
nnhwRecoMatchIPErr2dZ0 N Slngle prongs:
600 Entries 3854
Mean 1.325 0,
B W Std Dev 8.802 10 5 A’
- w2 / ndf 140.8 / 48
5 Prob 4.728e—11
p0 169.9 + 32.5 .
400 p1 2.769 + 0.527 rms resolution : 6.72
- p2 7.756 + 0.384
N p3 4632 + 286
| p4 -1.042 + 0.162
p5 —3.551+ 0.244
200
0 T R ‘J.J L | PR
-100 -50 0 50 100
delta z [cm]
Exp 26, runs 1760-1780, NoHLT |z| = 15 cm, STTactive 25M12/2022 15
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7

22 Exp 26, runs 1700-end: Neuro Skim I

Belle IT

nnHW tracks , reco IP nnHW clean tracks , reco IP
nnhwRecoMatchIPdZ0 nnhwRecoMatchlPCleandZ0
14000 Entries 67061 10000 Entries 45247
C Mean : Mean -0.2437
12000 - Std Dev 6.737 | Std Dev 5.735
- 42/ ndf 1040/ 63 8000+ ;.é? f’bndf 495.1 f’Sg
- Prob ] B ro
10000 C po 1.093e+04 + 9.170e+01 [ p0 8221+ 78.3
- pi ~1.156 + 0.021 = p1 -1.277 £ 0.025
8000 p2 3.107 + 0.031 ] 6000 L p2 2.931+ 0.034
N p3 353 - p3 1636 + 72.0
6000 pd 1,988 + 0.090 B pd 1.278 + 0.101
E p5 7.709 + 0.082 4000 B p5 7.095 + 0.092
4000 i
- 2000+
2000 -
0 : 1 L L L 1 1 " _oj, 1 1 1 1 " 1 1 1 0 B 1 1 1 1 1 L 1 1 1 M 1 1 L L 1 1
-100 -50 0 50 100 -100 -50 0 50 100
delta z [cm] delta z [cm]
matched neuro tracks
nnHW Err2 tracks , reco IP . .
nnhwRecoMatchIPET2dZ0 In Sl ngle prongs:
- Entries 21814 o
B Mean 1.398
E Std Dev 8.337 7 * 7 A’
3000 N %2 I ndf 499.5/860
L Prob 0
B p0 2950 + 48.8 .
[ Pl -04315+00826 rms resolution : 6.74
2000+ p2 417 £+ 0.13
- p3 4472+ 714
- p4 4.794 + 0.535 .
- p5 10.52 + 0.57 Conclusion:
10001 J neuro skim corresponds to noHLT filter
U i n L L L 1 1 M 1 1 1 n 1 L L 1 1 . . .
-100 50 0 80 [cm1]00 -> continue with neuro skim cross checks
after shut down
Exp 26, runs 1700-end |z| = 15 cm, STTactive 27M12/2022 15
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B,

22» Exp 26 (runs 0-200), Single Reco Tracks P

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

L p4 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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D

Z>» Exp 26 (Runs 0-200) ->

<o

Belle IT

nnhw tracks miss STT z [cm] miss STT nnhw tracks, Phi0

_ Entries 1510 : Entries 1510
200:_ Mean 16.2 80~ Mean  -40.47
N N I P N Std Dev  21.19 i Std Dev  95.88
150 - .
failing STT oF a0l largely dominated by
X i missing CDC info
50 - 20
0 B M| PR PR Y R —t 0 NP BRI B EPI S R
-100 -50 0 50 100 -100 0 100 .
z[cm] phi [A°]
subset
miss STT nnhw tracks cos(theta) nnHW tracks , reco IP
escost nnhwRecoMatchIPdZ0
B | Entries 39000
B Entries 1510 8000 R Mean 0.1964
40 " 02185 i Std Dev 6.975
- ean ' i %2 I ndf 649.8/59
_ Std Dev  0.3775 6000 Prob 0
30 - p0 6899 + 59.4
- i p1 -1.191+ 0.027
- I p2 3.223+0.039
N 4000 p3 915.3 + 49.2
20 . p4 2.82+0.17
- i p5 9.138 + 0.180
10 :_ 2000 ~
: L n I'I] L 1 1 i PR T | 1 1 1 1 1 L L 1 1
o3 05 S00 T =m0 0 50 100

Exp 26, runs 0-200, standard networks
C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023

|z| = 15 cm, STTactive

delta IP tracks

11/01/2023

84
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B,

Yo Exp 26 Standard HW (all tracks) =

Belle IT

10° all nnHW tracks z [cm] nnhw tracks, Phi0
by s
= nnhwPhi0
N nnthO 25000
1 20 __ Entries 1243589 : Entnes 1243589
: Mean 7.88 : Mean 11.77
1 OU :_ Std Dev 18.27 20000 :_ Std Dev 99.74
sop 15000 |- ]’"u
60
- 10000 |-
40 -
20 :_ 5000 —
0 : 1 " 0 : U W RN SR TR TN W N SN TN SN S
-100 -50 0 50 100 -100 0 100 .
z[cm] phi [A°]
all nnHW tracks cos(theta) nnhw tracks, p [GeV]
— nnhwCost 60000 F nnhwPMom
20000 = Entries 1243589 N Entries 1243589
: Mean Q1807 - Mean 08829
: Std Dev 0.4169 B Std Dev 0.6263
15000 [~ 40000
10000 |- I
[ 20000
5000 i
0-. N B B B 0_...|....|....|....|........
-1 -0.5 0 0.5 1 0 0.5 1 1.5 2 25 3
cos(theta) p [GeV]
Exp 26, runs 0-200 |z| = 15 em, STTactive 23/12/2022 71
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B,

so» Exp 26 Standard SW (all tracks)

z0 nnsw tracks

3
x10 nnswZ0
200 N Entries 1243589
K Mean 8015
1 50 -_ Std Dav 176
100
50
0 B " 1 i 1 1 1
-100 -50 0 50 100
sw z[cm]
CosTheta nnsw tracks
x10
— nnswCost
100 '_ Entries 12435839
B Mean 0.1875
80 [ |spev 04195
60 [
40
20 ___/*l[L
03 05 0 0. 1

sw cos(theta)

SW calculation with HW TS input (small deviations)

Exp 26, runs 0-200

C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023

2000

1500

1000

500

60000

40000

20000

phi0 nnsw tracks

nnswPhiOproj
Entries 118175
Mean 10.91
Std Dev 96.08

PO T N SR S T
-100 0

p nnsw tracks

P S
100

PRI B

nnswPMom

Entries

Mean

Std Dev

1243589

08829

0633

15 2

sw p [GeV]

25 3

D

<o

Belle IT

Spikes @ small z and cos(6) from zero inputs !
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S

s Exp 26 Retraining by Felix (all tracks)

D

<o

Belle IT

z0 nnsw tracks

3
10 nnswZ0
250 Entries 1243589
E Mean 2.264
200 :_ Std Dav 16.56
150 F
: looks
100 ,better”
50 |-
0: PR | PR B 1
-100 -50 0 50 100
sw z[cm]
CosTheta nnsw tracks
x10
n nnswCost
N Entries 1243589
100 __ Mean 0.2587
80 :_ Std Dev 0.3908
60 [
40 -
20 f"‘// “/_Hl
0_.. P BRI PR

-1 -0.5

0

Exp 26, runs 0-200, NN Felix from DB

C. Kiesling, Neuro Weekly Meeting, Jan. 10

, 2023

0.
sw cos(theta)

1

2000

1500

1000

500

60000

40000

20000

phi0 nnsw tracks

nnswPhiOproj

Entries 118176
Mean 10,91

Std Dev 96.08

I I R T T I SR TR S
-100 0 100

p nnsw tracks

nnswPMom

Entries 1243589
Mean 0.9902

Std Dev 06339

25 3
sw p [GeV]
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D

%0 Exp 26 ,,Standard® (Runs 0-200)

<o

Belle I

nnSW tracks , reco IP nnSW clean tracks , reco IP

nnswRecoMatchIPdZ0 nnswRecoMatchlPCleandZ0
8000 Entries 39001 6000~ Entries 25983
- Mean 09276 N Mean 0.1384
- Std Dev Std Dev 4.983
- 42/ ndf 3595 50 i ’ x* / ndf 252.3/37
6000+ Prob 0 - Prob 7.403e-34
- p0 6864 + 52.9 4000 pO 5211+ 61.4
- pi -0.111+ 0.025 p1 -0 |
B p2 4115+ 0.023 i p2 3.023 + 0.041
4000 p3 2638+ 14 - p3 q 160,
- pd 2.107e+05 + 1.414e+00 N pd 2.936 + 0.217
— 5 + +
i P 19.67 + 1.41 2000 p5 6.743 £ 0.169
2000 -
0 L T I T .J 1l PR I TR TR T 1 0 PR PR 1 PR I '
-100 -50 0 50 100 -100 -50 0 50 100
delta z [cm] delta z [cm]
nnSW Err2 tracks , reco IP
nnswRecoMatchIPErr2dZ0
2000 Entries 13018
K Mean 2.503
L Std Dev 8.692
- %2/ ndf 229.5/49
1500 Prob 3.71e-25
K p0 1678 + 26.5
[ p1 0.0 =
- p2 3.947 + 0.077 ]
1000+ p3 820,
B p4 6.274 + 0.282
L pS 11.06 + 0.27
500
0 B N M .J, 1 Jd o4
-100 =50 0 50 100
delta z [cm]

Exp 2, runs 0-200, standard

C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023

|z| = 15 cm, STTactive

09/01/2023 124
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B,

52 EXp 26 Retraining by Felix

D

<o

Belle IT

10000

8000

6000

4000

2000

2500

2000

1500

1000

500

lo

nnSW tracks , reco IP

_ nnswRecoMatch|PdZ0
L Entries 39001
L Mean —-QO7RE2
- W Std Dev 523
N x? / ndf 472.6/52
[ Prob 0
L p0 8715+ 815
- p1 0133 + 0.0191
- p2 2.506 + 0.030 J
B p3 ’ + 60,
[ pd -0.2313 +0.0785
L p5 7.533 + 0.144
i L i L 1 1 M 1 1 .K‘ 1 1 1 " 1 1 1
00 -50 0 50 100
delta z [cm]
nnSW Err2 tracks , reco IP
nnswRecoMatchIPErr2dZ0
— Entries 13018
: Mean -0.242
- h Std Dev 7.213
- 2/ ndf 210.6 /49
B Prob 6.371e-22
_ po 2005 +28.2
C p1 0 4
- p2 3.068 +0.083 ]
N p3 +31.
- pd ~0.5087 + 0.1504
n p5 9.414 £ 0.263
C R Ll ka R
00 -50 0 50 100
delta z [cm]

Exp 26, runs 0-200, Felix Nets from Exp 26

C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023

nnSW clean tracks , reco IP

_ nnswRecoMatchlPCleandZ0
Entries 25983
i Mean 0.006241
i Std Dev 3.87
6000 2 | ndf 202/36
B Prob 5.553e-25
- po 6525 + 86.0
L p1 00398 + 0.0217
4000+ p2 2.253 +0.038 j
L p3 *
5 pé -0.04266 + 0.07427
i p5 5.559 +0.145
2000+
0 1 1 i i 1 1 1 " J 1 \ 1 1 1 1 i L 1 1
-100 -50 0 50 100
delta z [cm]
Conclusion:

Felix’ retraining is improving the

resolution of IP tracks by at least 25%

Study for large|z| still to be done

(reminder: fake tracks seem not be be
statistically relevant)
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Z>» Exp 26 Standard Training

z0 reco vs zO nnsw

nnswZ0vsRecoZ0
= 100 Terves 18176 ]
O, | | Mean x 3.689 .
N | Mean y 7.564 .
S L4 StdDevx 3843 -
© 50 (= Std Devy -
— ] ) -
= .
»
c
< 0
-50
Lo oo by o by b e by
1 0—01 50 -100 -50 0 50 100 150
reco Track z[cm]

10

1

Exp 26, runs 0-200, standard networks |2] = 15 cm, STTactive 11/01/2023 108

C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023
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Z>» Exp 26 Retraining by Felix

z0 reco vs zO nnsw

| nnswZ0vsRecoZ0
& 100 || Entries 118177
O, | | Mean x 3.688
o - [Meany 1311 ="
S _ | StdDevx  3843| =
© 50 HstdDevy 2195
- E' - - - -y
S
D)
C
c

19950900 50 0

New training brings tracks more onto the diagonal

Exp 26, runs 0-200, Felix' new training with Exp. 26 data |z| = 15 cm, STTactive

C. Kiesling, Neuro Weekly Meeting, Jan. 10, 2023

50 100 150
reco Track z[cm]

Retraining also reduces
feed-down!
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