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Review

®Motivation
- To reduce trigger rate, | want to improve BG rejection rate while keeping efficiency.

®So far | tried
> Drift correction, ADC, hit selecting
o Full hit (use all wires, not only priority wire)

®Now I'm trying

> Voting (like 2D Hough voting)
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Fitter (Full hit)

®Problem: Low efficiency due to wrong selecting
> Current selecting method

> Fit using all TSs

- Repeat “removing farthest TS -> fit”
until 4 TS are selected

> Fit using hits in selected TS

®Bad examples

3D efficiency = 85.90 %
BG rejection rate = 46.30 %
Fake track rejectionrate = 85.77 %
Fitter Trigger Track
(full hit) 2D +3D 2D + 3D Only 2D
|zo] < 20 |zo] > 20 (3D tracking failed)

|70l < 1 5836 745 213

(signal)

Offline 7] > 1
track BG) 2265 1859 94
no track 535 2781 443

exp26 runl756 event11939 (iRecord=333)
— 71 r r rr 1 r r 1 1 1 1 11 7]

Voting method would be useful
to reduce noise hits

(beam BG, hits of nearby track)
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Fitting Voting

cotf

Zhit — +C0t9 * Shlt + ZO ZO — _Shlt ¢ COtQ + Zhit

Merit: Noise doesn’t affect the correct point
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Voting

fitter
140 exp26 runl756 event7089 (iRecord=286)
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Voter is better at choosing hits
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Voting

exp26 runl756 eventl1939 (iRecord=333) exp26 runl756 event11939 (iRecord=333)
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Voting

@Cell size =100 x 50 (z, € [-50,50]cm, cotf € [—0.8,1.5])
> 5000 is same order as 2D Hough

> Optimization is not done yet .
®Peak finding 5|86
A) clustering 6 108
> Threshold for peak candidate = 6 g
- Assume “ shaped cluster 9
> No cluster size limit clustering
> Result is center of mass of the most voted cluster 3
5) Maximum s |6
> Result is most voted cell 6 0] 8
C) Voting(clustering) + fitter s
- Select hits near voter’s result and fit 9
D) Voting(maximum) + fitter maximum
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Reconstruction and Selection

offline :
CDC Hits from reconstruction offline track
CDC Readout (only CDC) matching
(exp26 runl756) (Apy < 10°)
(No HLT filter) TSIM _ 3D fitter _
2D trigger track 3D trigger track

Track Level Selection (after matching):
Exclude unreconstructed offline tracks(no 2D case)

Exclude short tracks (2D and offline)

short track := !(offlineTrack.getTransverseMomentum() > 0.3
&& offlineTrack.getHitPatternCDC().getLastLayer() > 50
&& offlineTrack.getHitPatternCDC().getFirstLayer() < 5)

Exclude overcounting 2D tracks
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https://rundb.belle2.org/webview/run/26/1756/

Performance index

Categorization for matched tracks

Trigger Track
2D + 3D 2D + 3D Only 2D
|zo| < 20 |zo| > 20 (failed 3D tracking)
17| <1 signal loss loss ‘
(signal)
Offline zo| > 1
0 : .
track (BG) BG rejected BG rejected BG ‘
Performance index
3D efficiency .= #(signal) /|#(signal offline track)|
BG rejection rate .= #(rejected BG) /#(BG offline track)
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Performance

—~ 100

X [ -+t fitter(original)

g 90F | -~ neuro(original)

c aol ~+F+ fitter(full hit)

% -+ voter(clustering)

2 -+ voter(maximum)

G -HH- voter(clustering) + fitter

@ -+t voter(maximum) + fitter
20 :cutto |z| (cm)

PR I T SR S
95 100 ovoter + fitter has best performance
Efficiency (%)

(error bar is based on 68% Clopper-Pearson confidence interval)
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Performance

oIf input 2D track becomes more accurate, performance becomes better.
-> Improving 2D fitter is one option.

100
-+~ fitter(original) L |nput: 2D trigger track
-+ neuro(original)
-+ fitter(full hit)
-+ wvoter(clustering)
-+~ voter(maximum) — Input: 2D offline track
-HH voter(clustering) + fitter
Ht voter(maximum) + fitter |

wo
o

J |

|
o

BG rejection rate (%)
oo
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(error bar is based on 68% Clopper-Pearson confidence interval)
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Summary

@1 tried some voting methods to reduce noise hits.

ovoter + fitter has best performance

®| can do
[1 cell size optimization
L1 improving 2D fitter
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Backup
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Zy resolution (input: offline2D)

fitter(original) neuro(original) fitter(shrink)
- Entries 9789 E a00F Entries 10370 E ¥ Entries 9273
A P0F Mean 0.41 e Mean 0.75 T _mn':_ d‘ Mean 077
=] k Std Dev 10.28 o Std Dev 8.69 o k Std Dev 1159
e F _— —_— -
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S i Mean(1) 0.22+0.06 S 300+ Mean(1) -0.29%0.05 S ¥ Mean(1) 0.36+0.02
c 250F Std Dew(l) 3.64%0.10 o Std Dew(l) 3.61+0.08 o h00F Std Dev(l) L51+0.02
o I Scale(2)  B1.53%6.51 o Scale(2)  93.86%6.96 J r Scale(2)  58.95+3.46
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=) 250 F Std Dev 11.89 =) Std Dev 11.20 9_ 400 R Std Dey 10.53
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3 200+ 2300 S
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O i Scale(2)  65.99+4.50 O Scale(2)  57.86+2.328 © 300 Scale(2)  50.BB8x2.83
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501
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Zy resolution (input: offline2D

voter + fitter

£ 800F— Entries 10295 E - Entries 10185
u‘:: - Mean 079 u‘:: v /375X EEERRS— S — ﬂ‘ | Mean 041
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Trigger Rate

o ZDFEFDINTA—VURTIZE. L1 Trigger Rateldtarget luminosity|ZEHE T B H]
[CDAQMDANIEEE D _EPR(30 kHZ)ITHELUTUED

N o @Total L1 rate

< @ffy+fyo+cd+hie3

X % .- . 3 y+fyo+c4+hie

> m;_ZDkHzI?m!t at L="~10 X 10 —HLT limit

B “E20kHz limit at L=~20 %10

o zg L1 Trigger rateocluminosity
ok is assumed

gy, Luminosity ( X 10%4)

=

T.Koga
TRG/DAQ Workshop
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Event categorization

Exp26 Runl756
@peak luminosity
=2.3x 103*cm™2s7?

Exp26 Runl1261
@peak luminosity
=4.6 X 103*cm™2s71!

L Ratio | Trigger Rate Ratio | Trigger Rate
Definition (%) (kHz) (%) (kHz)
1. Signal Not BG, fake track 15.2% 0.61 18.7% 2.13
Triggered by CDC #(offline with |z0|>1cm) > 0
trigger |2 SISl AND 4.3% 0.17 8.3% 0.95
(fy ORfyo ORstt) | HIEZ #(offline with |z0|<1cm) == 0
3. Fake track | #(offline) == 1.8% 0.07 14.7% 1.67
Triggered by other 78.7% 3.18 | 58.4% 6.66
trigger
total 100% 4.04 | 100% 11.4

X% # of sampled events = 10000
X HLT filtering is OFF in both runs.
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CDC TriggerC CTd_ &

1. BG from large zZiF5
CDC . -~
i 2. fake trackZ 59

3. zresolutionZRB<d 3

Track Segment Finder

TS hits:
TS ID, priority ID, priority timing, fastest timing, left/right

- BEFEOT7IVIXLDOHER
o UTANDBATICHED ADC, full hitdD &

———

| 2D Track Finder Event time |
tracks: m
azimuth angle, curvature, related axial TS hits L ® 3 D fltter l : Hy L) %H @iﬁg
/ /( / > Neuro kW ERIEBHNEHIGD CTHRIERZR DIF7ZY
Neurotrigger 2D + 3D Fitter TZ I\ L/E (') L/)(\)j L \
tracks
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3D track

Algorithm 5

-
P i
-

2D track |f _"1' g

-~
-
=
'_._"-I-
-
-
-

®As a property of a helix, z(s) = cotf -s + z,

J=
......
-

®Determine z, and cot8 by minimizing y?2. y — Zy

2 2 (z —;gaf
i=1 ‘

Z;. Z position
s;. arc length of 2D track
o; - constant. standard deviation of Az;(= z; — z(s;))
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s

exp24 run2004 eventl8559

E 100
offline track
“E‘ 80 - — neuro track
B0 F fitter track
- TS hit
40 ! « TS5 candidate hit
201 o TS candidate hit
[}: \“ (drift time = 0)
T4 {ERT B MR 2. Background DR/ &% 5%
—4uU .
_6[} :_ S~ A
S0k 3. EOEYREERLTLS
_ S R B RS R
lDD[} 20 40 60 80 100

S (cm)



Full hit
Only priority hit > Full hit

%\/EBEHQ/H;\:EE

_ 140 SXP26runl756 event219 (iRecord=2) _ 140 SXP261uUnl756 event219 (iRecord=2)
£ 120f | ' . ; £ 120f | I —
N 100F .. _; N 100F - ressssssfuanasass e . .‘.o. . _;
80F 3 80F . . =
60 F " = 60 F R =
a0f . ] a0F s =
20F . = 20 A . B —
of - of | | .
-20¢ 3 —20F ' ' E
—40F a0 E
—60F 3 —60F 3
—80F E -80F 3
—100F E -100F | | 3
—iigo' S P P T ST S '1;0 :iig;[ o hiteandidates wilhiv] E

0 20 40 60 80 100 120
S (cm) S (cm)
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“shrink method”

choose candidate TS
(at most 10 TS)

1. Select 4 TSs(for 4 Super Layers) )
* Repeat “Fit -> Removing the farthest TS” v

Xfarthest := |z_hit — z_fit| is the largest fit

y

2. Apply drift tion to selected hits(in selected ‘ false
Tg;)y rift correction to selected hits(in selecte w__' omove farthest TS

- Drift direction is both Left & Right (add 2 hits) ! true
add hits (L&R)

3. Fit and select either Left or Right

A 4

« Select nearest one =
4. Final fit
selectLor R
fit
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Drift correction

® Priority wire LA Dwirel ZxF U T Left/RightZ ESH TLVRULND T, LeftDIFH
B ERIghtDIBEED2DDEY b EEE LU TINA T

Without drift correction With drift correction
110 exp26 runl756 event649 (iRecord=5) 140 exp26 runl756 event649 (iRecord=5)
— : T T T l T T T I T T T l T T T l T T T I T T T —_— : T T T l T 1 T l T T T | T T T | T T T I T T T
5 120 - 3 E 120 —
N 100 - 3 N 100 —
80 —
60 —
40 —
20 —
o
=20 —
: —-40F
-60 %_ offline track = —60 = offline track
—80 [~ prefitting E —80 H- - prefitting
H— fitter track (full hit) ] — fitter track (full hit)
—100H o it 3 —100H o it
' hit (full hit) . hit (full hit)
—120 H : h:t caunditllates (full hit) E —120 : h:t caundicliates (full hit)
_140 11111111111 | 1 1 1 | 1 1 Il | L L | _140 lllllllllll | L L L | L 1 1 | L Il L
0 20 40 60 80 100 120 0 20 40 60 80 100 120
S (cm) S (cm)
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MC: Reconstruction and Selection

offline

MC data reconstruction offline track

(Particle Gun)

matching
(Ap < 10°)

TSIM trigger track

MC condition:

Single muon without BG
Momentum :[0.5 GeV, 3.0 GeV] uniform distribution

Phi : [0°, 360°] uniform distribution
Theta . [60°, 120°] uniform distribution
POCA . origin
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no drift both L&R true LR
£ - Entries oods[ £ i Entries s9as| E i Entries 9945
L - Mean 032 L L Mean 062 [Ta] L Mean 0.76
- 600 . 1 1000
=} - Std Dev 319 o 1000 Std Dev 239 o© L Std Dev 2.43
v - Scale  £58.154+2 856 v i Scale 1033.731+9.353 v i Scale  959.914+7.528
S 500 Mean 0.032+0.015 S i Mean 01570019 S5 goQO- Mean 0.266+0.019
3 ; StdDev  2981x0.015) 3 800 StdDev  1858x0019) 3 I Std Dev  1.991+0.019
400 [ 600
C 600 N
300 F i :
5 400 400 -
200 i i
100 200 200F
ﬁ : i i | i i | [:I i i i | i i | | [} i i i | i i | i |
—40 -20 0 20 40 =40 20 0 20 40 =40 —20 0 20 40
z0 trigger - z0_offline (cm) z0 trigger - z0 offline {cm) z0 trigger - z0 offline (cm)
expl003 run0 event4 (iRecord=3 i = exp0 run0O eventO (iRecord=3
e p ( ) - 9D expl003 run0 event4 (iRecord=3) 00 - 140 p ( ) 500
E 120 ' E 120 S 120
N 100 N 100 N 100
5 1400 80 1400 80 o
60 60 60
40 40 40 .
20 13008 5 1300 g 20 1300 8
o © ©
0= > 0 s > (0] — >
-20 a 20 8 20 a
1200 < - 200 < 1200 <
-40 —40 -40
—-60 -60 —60
= —— offline track - —— offline track £ —— offline track
80 trigger track 100 - :rigI:eer trl?acck 100 80 trigger track 100
-100 eft -100 left -100 left
- right ight right
120 no drift time -120 :g drift time -120 no drift time
—-140 0 -140 0 -140 0
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Drift correction: Problem

exp24run2004 exp26runl968
M ¥ - : :
— - | Entries 65991 - - Entries 23870
: ] total .

O I L T left 19915| © 1250¢ ]
Soonf 1 [, mm @RS .
P I : : - undetermined 21256 " 1000 ' right S | - undetermined 12346
= - : : : : hd, - 1 undetermined : :

] N S e, U NSOSTUE NOTOUTUONON cC K : ;
= 40007 | > 750F
o L] ' [ total S :

1 left 500:
2000 N

250}

0 _==' 200 0= 100
Drift time(CLK ~ 2 ns) Drift time(CLK ~ 2 ns)

®There are many undetermined

>XTS hits used by fitter track were counted. hits with Iarge drift time.
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Drift correction: Left/Right

Pattern matching

[/ \
| o o ® o
T v
left right undetermined [undetermined
(*."drift time ~ 0) | (*."BG hit)
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Hit choice: Candidates

® Stereo wire is shown as a line in r-phi plane.

(mm)
8
1=
>

.9 ~1O ereS are pOSS|b|e to InterSGCt W|th Oone 1000;—

.Fitter Choose the hit nearest to Candidate ID mo; ‘I‘ "":I E
> This corresponds to choosing hit near z~O0. g "" .

—~  Backward Forward

3P° P
L Lo v P bovw v oy oMty v B v v bvv v B v by g by wa |
800 -600 -400 -200 (@ 200 400 600 800 1000 1200 1400 1600

{mm)

" 10
Candidate ID
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Matching based on 2D track

1. matching from trigger track

to nearest offline track (A¢, < 10°)
X’nearest” means Ag, is the smallest.

2. matching from offline track

to nearest matched trigger track

3. selection fake track
exclude unmatched exclude exclude
offline track overcounting track short track
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Performance

Before bug fix
(including short track)

_ 100 —
S
Q - Z
= 2 R e
e - E 5 . H
- = = = Eal
Bﬂ__...: ..... :.: ........... S — T
- = | *
?D__ T O S
Eﬂ:— .......... ...............
E E E
50 |-t L E o
C E
_Ili||IIiIIIIiIIIIiIIIIiIIIIill

40 neuro fitter no drift L&R ADC

§ efficiency
¥ BG rejection rate
¥ fake track rejection rate
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TRG meeting

rate (%)

70

B0

50

40 neuro fitter no drift L&R

After bug fix
(excluding short track)

I S S S S
i . . . ’

- | = k| £} ;
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: N 2
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Z, resolution

Before bug fix After bug fix
(including short track) (excluding short track)
E 20.0 E = 20.0 - ; :

E o - : o
2175k 3 { P o AR T 753 S § ..... { ....... b oo
S I 2 o s T f !
'*315-0;' [ -_,315_32_...5.. S —— — T— o
51252- § } 51252_ § ..... ..... E .....

10.0F ; — 00f — — — |
752_ }'52_ ...... oo ..... o ..... i
5_05_ - ED— ‘ ..... T T
L * * * 4 N = ; - - .
2.5..:_ Y 2.5:_ ..... ..... ..... ..... *
0 0 :u PO NN W TR W Y Y NN NN NN N TN NN NN NN Y U SN SN SN (NN SN SN SN SN N N ﬂ D :I i | [ A | I R R | I | [ R | | [ N | | [
"~ neuro fitter nodrift L&R  ADC shrink " neuro fitter nodrift L&R  ADC shrink

Az, distribution was fitted with
double gaussian
01,0: Std dev. of each gaussian
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Track categorization

Fitter Trigger Track
(Shrink) 2D + 3D 2D + 3D Only 2D
Before bug fix 20| < 20 |zo| > 20 (3D tracking failed) N
iz < 1 3D efficiency = 82.88 %
0
(signal) 6960 1012 426 BG rejection rate =51.74 %
Offli L.
tralcnke |zo| > 1 2760 2729 230 Fake track rejection rate = 85.63 %
(BG)
no track 540 2776 443 0
Fitter Trigger Track
(Shrink) 2D + 3D 2D + 3D Only 2D \ 4
After bug fix |zo| < 20 |zo| > 20 (3D tracking failed)
<1 -
o) 5836 745 213 3D efficiency - 85.90 %
Offline 1™ "1 BG rejection rate = 46.30 %
track 0 2265 1859 94 o
(BG) Fake track rejection rate = 85.77 %
no track 535 2781 443
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Countermeasures

# Category # Subcategory
9 Multiple TS are selected in 1 Super Layer -> 1 TS in 1 Super Layer
15 wrong 3D fitter 1 TS of adjacent track are selected efficiency +1.5%
5 No idea BG rejection -0.1%
12 wrong 2D input
2 wrond matchin Overcounting track is selected - -> temporaril_y ignor_e these
J J 2 Counterpart of pair-created track is selected effects by using offline 2D
tracks
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P; dependency

U i - — 60
— - signal —
> : 1 signal Entries 5836 I 80
D 300 ot loss Mean 134 g
- Std Dev 119 = 40].
g - L EG loss E
= 250 ¢ % rejected BG  |Entries 745 =
T i Mean 0.97 @ 20 160
= - Std Dev 0.88 =
S 200¢ BG = 150
S [ Entries 2255 <, 0
i Mean 0.60 =2 -
150¢ Std Dev 031 N ) 140
i rejected BG @ .
N Entries 1538 2 _20
100 o Mean 067 E!
: Std Dev 0.40 .y
S0 | N _a0
I 10
D i 1 . L L L il I b L | Ty | -l - 1 - u " -
0 3 4 2 6 —00% 1 2 3 4 5

Pt offline (GeV/c) Pt offline (GeV/c) (binwidth=0.05)

71% of the loss tracks has low momentum(<1 GeV/c).
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AP; dependency

< I - signal =) 60
> 3 signal Entries 5660 S 175
@ 3 —
O 800+ ot loss gﬂtzag -g(l)g g 10
ev X —
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] : signal
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cotf dependency
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Cause of loss track

9 Multiple TS are selected in 1 Super Layer

15 wrong 3D fitter
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Cause of loss track

15 wrong 3D fitter |1 TS of adjacent track are selected
140 exlp26 runll756 eVenF7089 (iRIeCOT’d=28I6) exp26 runl756 event7089 (iRecord=286)
2 F 1 I I e - 90°
§ 120f s ‘
N 100F . = ’LJ‘UV((,!"H
80F red : E 60
- : - B
40 F - : - 30
20F . E |
; 0
of . _ *
_20 ;_ & =1
~40F - ;
~60 == offline track -
—-80 trigger track 3
m candidate TS ]
-100 m chosenTS “;
10| oSl —;
20 60 80 100 120

2023/04/13 TRG meeting 39/12




15 wrong 3D fitter
5 No idea
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'Cause of IoSs track

12 wrong 2D input

exp26 runl756 event3649 (iRecord=104)
T | T T T | T T T | T T T | T T T | T

-~ 140
§ 120F
N 100+
80 F -
60 F
40F : E
20 : .
0F E
_20:_ 3
—40F 3
—60 f— offiine track E
—80 trigger track 3
m candidate TS .
—100H & chosenTs E
~120[f 2 ks :
“l40 50 T 40 60 80 100 120

S (cm)

2023/04/13 TRG meeting



Cause of loss track

3 wrong matching : :
2 Counterpart of pair-created track is selected
140 ex;l)26 run17ISG event120929 (iFl{ecord=5l18) exp26 runl756 event20929 (iRecord=518)
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Performance indices

Trigger Track
Original fitter 2D + 3D 2D + 3D Only 2D
|zo| < 20 |zo| > 20 (3D tracking failed)
3D efficienc =82.16 %
o] < |1 5582 683 529 ICIeney
Offline (signal) BG rejection rate =46.61 %
track IZ(oég)l 2252 1727 239 Fake track rejection rate =83.51 %
no track 620 2268 871
Trigger Track
Fitter (shrink) 2D + 3D 2D + 3D Only 2D
|zo] < 20 |zo] > 20 (3D tracking failed) 3D efficiency —91.71 %
'é‘i’é:as 6231 364 199 BG rejection rate =59.08 %
Offline = 151 Fake track rejection rate = 100 %
track (BG) 1726 2025 467
no track 0 0 3759
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Performance indices

Trigger Track
Voter (cluster) 2D + 3D 2D + 3D Only 2D
|zo| < 20 |zo| > 20 (3D tracking failed)
3D efficienc = 88.06 %
0] < h 5983 239 571 eIeney
Offline (signal) BG rejection rate = 59.72 %
track |z(0ég)1 1699 1109 1408 Fake track rejectionrate = 100 %
no track 0 0 3759 Good point
Trigger Track Basically this method never fails
Voter (maximum) 2D + 3D 2D + 3D Only 2D (except for no hit case)
|zo| < 20 |zo| > 20 (3D trackian ed) 3D efficiency - 9644 %
l(z(i)é:aé 6552 241 /1\ BG rejection rate = 38.15 %
Offline ™ "1 Fake track rejectionrate = 100 %
track 0 2609 1543 66
(BG)
no track 0 0 3759
2023/04/13 TRG meeting 44/12




Performance index

_ Trigger Track
voter(maximum)
+fitter 2D +3D 2D +3D Only 2D
|zo] < 20 |zg| > 20 (3D tracking failed)
|Z()| <1 . _ 0
| (signal) 6645 145 1 3D efficiency =97.85 %
Offline 1™ "1 BG rejection rate =44.86 %
track 0 2326 1825 67 o
(BG) Fake track rejection rate = 100 %
no track 0 0 3759
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