3D Fitter (CDCTRG)

Hiroto Sudo (U-Tokyo)
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Motivation

CDC
e © 3D fitter is just monitored because dz0

resolution of fitter is worse than
neurotrigger.

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

Track Segment Finder

®Some knowledge can be shared to
neurotrigger.

i
2D Track Finder Event time |
tracks:
azimuth angle, curvature, related axial TS hits

S~/

Neurotrigger 2D + 3D Fitter

tracks:
z-vertex, polar angle
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3D track

Algorithm 5

-
P i
-

2D track |f _"1' g

-~
-
=
'_._"-I-
-
-
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©As a property of a helix, z(s) = cot@ -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; fitter — Zi offline)
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Good example

exp24 run2004 eventl09

— offline track
— neuro track
fitter track
TS hit
e TS hit{drift time = 0)

_ i L [ TR T N [ | [ T L L1
lm[} 20 40 60 80 100
S (cm)
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Z (cm)

Bad example

exp24 run2004 eventl8559

100

offline track
neuro track
fitter track

TS hit

TS candidate hit

TS candidate hit
(drift time = 0)

3. Fitter chose wrong hit

_ T T N S T L
lm[} 20 40 60 80 100
S (cm)




Outline

1. Drift correction is not working

2.
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Drift correction: Problem

exp24run2004 exp26runloes
~ i 5 Entries 65991 . 12503_:[ total =l Entries 23870
8 6000 | 1 .................... - left 19915 8 " left - left 5129
— - : - right 24820 —l L 1 right - right 6395
; i 5 : - undetermined 21256 ; 1000 __I:I Sr?determined ---------- - undetermined 12346
C I T R S S e H— ; 5 |
8 4000 i 5 % 750F . .
O left 500F
2000 | -
250F
O | | D R | . j —===L_ O: I L1 1 | L1
100 300 400 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: Trial & Result

Determine Left/Right based on ...
Pattern matChing XZ minimization
e>§p24 rur\2004 gventlQ9

IT \ E 30 _ ........................ — R e :
N 60F ........... _______________________
IR ' ' o0
19; [ m—) 5
) 28; ...................... XZ B 2 (Zi _ Z(Si))z
. —20E " Gffline track - 2
left right undetermined Jjundetermined —40F— ﬁtte:irar?,f i=1 “l.
(drlft tlme _ 0) (BG hlt) —60 ;T _rllzuhr; track S S
_80 . o TS hit(drift time = 0) |
_ Y Y Y N AN RN RN N S SN SN N NN T TR SR NN SR B
1000 20 40 60 80 100
S (cm)

©z0 resolution didn’t improved.
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Outline

1. Drift correction is not working

z0 resolution didn’t improved.

2. Background filtering by ADC value
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ADC: Event display & Distribution

90

(:= hits used by trigger track)

exp24 run2004 event1429 I500 Signals -> 100~200 ADC

00 ®Backgrounds
neutron? -> high ADC (>300)
crosstalk -> ~0 ADC

R ADC distribution (all events)
1801 © éﬁ 105_ Entries 797260
8 < (signal) 135130
< = (BG) 662130
-200 ~ 104¢L
£ 1 signal+BG
3 103 [ signal
O

1 BG
100

2700 101 ;_‘ 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1
0 200 400 600 800 1000
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ADC: Result

@] set thresholds for ADC before Track Segment finding.

®Loss of efficiency is large.
® | will try using ADC for hit choice in 3D fitter.
exp26 run1968

Low ADC threshold High ADC threshold Uncertainty
5 10 15 20 300 400 500 600
Sficiency %0 628 157 171 220 -29.0 129 -89 -70 -55 ~+1.2
Fake track rate (%) 18.0 53 66 -7.2 -6.7 51 -43 -34 -27 ~*+0.8
z0 resolution (cm) 2.7 02 -09 -14 -16 11 -11 -09 -02 ~+0.2
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Outline

1. Drift correction is not working

o 70 resolution didn’'t improved.

2. Background filtering by ADC value

Loss of efficiency is large.

3. Fitter choose wrong hit
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Hit choice: Current method

exp26 runl756 event889

— 100 )
E - —— offline track
‘;’ — neuro track
—— fitter track
® TS hit
+ TS candidate hit

© Current fitter choose hit near z~0
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Hit choice: Ideas

1. Try all combinations
2. Add origin as a candidate
3. Pre-fit using all candidates

exp26 runl756 eventl1229

exp26 runl756 eventll229 exp26 runl756 eventl1229
— 100 — 100¢ — 100f
‘E s : - . : . E 30 o L S S S E - offline track
™ : u - neuro track
60 F fitter track

- pre fitting
fitter2 track

TS hit

TS hit {fitter2)
TS candidate hit

40F
20 F
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Hit choice: Result

Entries 10395

E Mezan -1.741
— 800 | Std Dew 22234
i Scale(l)  625.646+1B266
= Mean{1} -0.349£0.060
QD StdDewv(l)  2.220+0.080
> 600 | Scaleizl 248.302£14.346
L Meaniz} -0.664+0.322

StdDrew(2) 00720425

o L= -- i i '_____
—40 —3[] =20 =10 0O 10 20 30 40

Z0 trigger-z0 offline(cm)

add origin
. . . Entries 10405
E 1250 i i i Mean -3.203
Ly StdDew 17 969
i Scale(l) 1106.541+26.806
= 1000 " Mean{1} -0.301+0.040
g StdDevil)  L521+0.046

Scale(z}) 10B.964+13.074
" [ Meaniz) -1L474+0 502
Stdlew(d) 1081330670

Looks good, but | must
be careful about trigger

efficiency
ULr—l—r‘ I I I A i
=40 30 —20 -10 0 10 20 30 40

20 trigger-z0 offline{cm)

Events/1cm
(=)}
[
[

0=

=)
=
=

Events/1cm

3

200

0

05530 20 S10 010 030

try all combination

i i i Entries 10597
Mean 0608
StdDew 25060
o |Scalefl)  515.522+18.027
Meanil) -0.566+0.074
StdDew(1) 3.375+0117
Scale{2]l 199.312+17.040
| Meaniz} 0.313+0.346
Std Drew (2] 10.3B6+0.527

z0 trigger-z0 offline(cm)
pre—flttlng

Entries Q166
Mean 0472
S | Std D 20,151
Scale(l}) S05.755+14.063
Meanil) 061720065

StdDevil) 3.492+0100
Scale(2)  133.96Bx13.774
| MeaniZ) 0.203=0.386
StdDrewvi?) 11 205+0.570

Y40 30 20 —10 0 10 20 30 40
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Summary & Plans

1. Drift correction is not working
> z0 resolution didn’t improved.

2. Background filtering by ADC value
- Loss of efficiency is large.

3. Fitter choose wrong hit
- Add origin method looks good, but need more investigation.

Plans
®use ADC for choosing hit

®look correlation between dzO and some factors
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Backup
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Performance of firmware

®Az, resolution of 3D Fitter is worse than that of Neurotrigger.

Trg Z0 - Offline Z0 1

Constant1 8538 + 140.8

Neurotrigger

Sigma1 2214 £ 0.15
Constant22.119e+04 + 1.341e+02

. (firmware)

tracks , reco IP
nnhwRecoMatchlPdZ0
Entries 78628
Mean -0.3176
Std Dev 6.843
¥2 / ndf 527.5/57

3D Fitter
(firmware)

Prob 0
—_— —_— PO 8755 + 187.8
o =9.8cm o=4.5Ccm M osmor0om0e
p2 4509 £ 0.082
- p3 2636 + 222.1
15000 C pd -1.762 £0.121
E 4000 r p5 8.664 + 0.169
10000 C
soook input data: 2000~ input data:
| expl8 L . | 1 expl8
0 | 1 I 1 | 1 1 Il L | 1 1
o-llllllllllllllllllIllllllllllllllllllll _100 _50 0 50 100
=40 -30 -20 -10 0 10 20 30 . r:o delta z [cm]
Jie-Cheng Lin, TRG meeting slide C. Kiesling, B2GM slide
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https://confluence.desy.de/download/attachments/165978055/NeuroTrigg_B2GM_2022_06_CK.pdf?version=1&modificationDate=1654205637607&api=v2
http://confluence.desy.de/download/attachments/165978055/20211223.pdf?version=1&modificationDate=1640247725165&api=v2

How to get z position

®Stereo wire is tilted with respect to z axis.

X
stereo wire o Drift length is obtained by drift time.
/78] EEEEEEEEEELE ®Actual hit point is on a circle with which radius is drift length.
@®Direction is based on the left/right information sent from Track
i Segment Finder.
hit point

~
~
N
AY
\
\
|
1
/
7
e
~

)

|
‘\\2D Track

2022/10/07 43rd B2GM TRG session



Matching algorithm

®For trigger track |: offline track i is matched if
> 1 1S the nearest offline track

;i — (p]| < 10°
®For offline track i. trigger track | is matched if
> | 1S the nearest among matched tracks to |

o

"nearest” means that the difference of
2D track angle |¢; — ¢;| is the smallest.
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Drift correction: Az, distribution

500 exp24run2004 original fitter exp24run2004 minimized y? fitter
c = = = R = : - _ _ _ : — 0
i — Mean 0.490 W 5{]“ - | M=an 0342
— i StdDev 13 497 — - StdDew 14.045
I I Scaleimain) 407.578+0.304 i i Scalelmain} 403.576+9.004
= Meanimain} -0.191+0.036 .~ . [g] 0 ) — | Meanimain} -0.35B+0.040
@ 400 - .| StdDevimain) 1.874+0.051 5 - StdDevimain) 1.988+0.061
u:j I Scale(sub) 155.524+8 234 = C Scale{sub) 107.13226.600
Mean{sub)  0.892+0.105 W 300 b | Meanisub)  1.047+0433
- _ StdDew(sub}  7.143+0.253 - StdDevisub) 10.444+0.5232
200 200+
N 100F
n_ ' A A A B n: T AT EN O B A A A A A B A A
=40 -30 -20 -10 O 10 20 30 40 =40 -30 -20 -10 O 10 20 30 40
Z0 trigger-z0 offline(cm) Z0 trigger-z0 offline(cm)
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ADC: Crosstalk filter
B




ADC: Signal/BG discrimination

CDC Hits from
CDC Readout
(exp24 run2004)

reconstruction

>

TSIM

TSIM

offline track Used for event selection
trigger track signal hits
.= hits used for trigger track
CDCHits

®0Only axial hit was used.

2022/10/07
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https://rundb.belle2.org/webview/run/24/2004/

ADC: distribution

ADC dlstrlbutlon (all events) ;! ADC dlstrlbutlon (onIy pure events)
8 [ E Entrles 797260 8 10 ........................................................................ Entrles 93275
< 5 ‘ ____________________________ S SR (signal) 135130 < (signal) 20399
o 10 - - =)
S 5 5 (BG) _ 662130 S (BG) _ 72876
— : — :
E [ signal+BG E 103 [ signal+BG -
5 ' S 1 signal
o o
O O
101!
1 1 1 1 I Il . 1 1 . 1 1 |
0 5000 10000 15000 20000 0 5000 10000 15000 20000
ADC _ ADC
Opure events Is
exp24 run2004 > #longTrack == 2 and no other track
only axial hit > long track =
- offlineTrack.getHitPatternCDC().getLastLayer() > 50 and
offlineTrack.getHitPatternCDC().getFirstLayer() < 5 and
offlineTrack.getTransverseMomentum()>0.4
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ADC: Trigger performance with ADC threshold

CDC Hits from reconstruction offline track
CDC Readout i
(exp24 run2004) matc lngo
(exp26 runl1968) TSIM _ (Ap < 10°)
_ trigger track
(with ADC threshold)

selected only long track

offlineTrack.getHitPatternCDC().getLastLayer() > 50 and
offlineTrack.getHitPatternCDC().getFirstLayer() <5 and
offlineTrack.getTransverseMomentum()>0.4
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https://rundb.belle2.org/webview/run/24/2004/
https://rundb.belle2.org/webview/run/26/1968/

ADC: Trigger performance with ADC threshold

| evaluated

Efficiency ‘= #(selected offline tracks matched to trigger track)
Y= #(selected offline tracks)

_ #(trigger tracks not matched to any offline tracks)
Fake track rate := #(irgger racks)

z0 resolution := standard deviation o of gaussian when dzO distribution is
fltted by double gaUSSian e_xp24run2004 (without ADC threshold)

£ Entries 5880
J i Mean 0.750
— - StdDew 13.829
T 600 Scale{mainB03.51614 627
= - Mean{main} -0.3060.041
@ B StdDev(main) 1.683+0.057
u:j L Scalelsub) 195.932+12 020
400 - Meanisub)  0.301+0 208
. StdDevisubl  6.444+0 3264

200+

U i 1 I 11 11 I 1 11 1 I 11 L i L

=40 -30 -20 -10 O 10 20 30 40

Z0 trigger-z0_offline(cm)
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ADC: Trigger performance with ADC threshold

exp24 run2004

Lower ADC threshold Higher ADC threshold Uncertainty

5 10 15 20 300 400 500 600
shcency %) 787 35 44 59 96 82 -48 -33 -23 ~+0.7
Faketiackrate (6) 82 57 10 11 14 12 -09 -07 -05 ~%0.4
z0resolution (em) 1.7 505 517 021 +0.02 -0.08 -0.14 -0.14 -0.18 ~£0.08
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exp24run2004 (Iower threshold = 15)

| u u

" E o Entries 5440
- O g - Mean 0.491
L L StdDev 12.804

¥ o191 ) TTCTTTIONS SUPPIIRRROOS NARRUOOISS SRUOIINN T NPT Scale(main)525.610+15.581

C B Mean(main) -0.405+0.033

v i StdDev(main) 1.471%0.048

Lﬁ | Scale(sub) 226.616+14.559

+
4001 e Mean(sub) 0.018+0.146

StdDev(sub) 5.175+0.209

exp24run2004 (W|thout ADC threshold) 200k - _______________ _______________ ____________ _____________ _______________ _______________ _______________
E Entries 5880 :
g I Mean 0.750 i _
) L R A | N StdDev 13.829 el e A I TR
A I g 240°=30 —20 -10 0 10 20 30 40
o - StdDev(main) 1.683%0.057 z0 _trigger-z0_offline(cm)
rh - : : : : Scale(sub) 195.932+12.920 - -
400 : : : : Mean(sub)  0.301+0.208
2tiDev(oud) 6.44420.284 exp24run2004 (hlgher threshold = 600)
E Entries 5707
@] i M 0.757
200 el
b Scale(main)482.453+15.581
: _ c i : : : : Mean(main) -0.323%0.041
0 I | T L g : StdDev(main) 1.502+0.057
240 —30 —20 —-10 O 10 20 30 40 S oa00b T o B I sty
z0 _trigger-z0_offline(cm) S StdDev(sub) _5.890+0.245
200

940 —30 —20 —10 O 10 20 30 40
z0 _trigger-z0_offline(cm)
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Events/1cm

exp26run1968 (Iower threshold = 20)

2022/10/07

Scale(main) 88.179+3.961

: : : : Mean(main) -0.053+0.115
............. . StheV(maln) 274610152
: : : : Scale(sub) 45.082+3.080

=

o

o
I

- : : : : Mean(sub) 0.568+0.483
L StdDev(sub) 12.475+0.633

sof 4o

0 iIIIIIIIIiIIIIiIIIIiIIII|||

940 —30 =20 —=10 0 10 20 30 40
z0_trigger-z0_offline(cm)

43rd B2GM TRG session

[ | . . . E L : : Entries 1196
(@] . :. ............... :. ............... :. .......................... .
ADC: AZO distribution &=t
] C : : : Scale(main) 61.022+4.472
- 100 L , ............... , ............... , .............. , ........... Mean(main) -0.101+0.076
) B : : : : StdDev(main) 1.102+0.099
Lﬁ - : : : : Scale(sub)  65.868+3.454
75 .—_ ............. . ............... . ............... . ............. . ........... Mean(sub) _0.51910.152
- : : : : S:thev(su:b) 5.01:710.196
50 :_ AT N SO U S
exp26run1968 (WIthOUt ADC threshold) 253_ .........................................................................................................................
5 e p——3m— — —> - : . . .
Mean 1.284 0 [n l_nJ—I | [ | L | 1 | :I'n
StdDev 19.594 =40 -30 -20 -10 0 10 20 30 40

=

=

Events/1cm

z0 _trigger-z0_offline(cm)

exp26run1968 (hlgher threshold = 300)

Entries 1768

25 ............. ............... ............... .............. || R Mean 1.609
: : : : StdDev 20.437

: : : : Scale(main) 77.596+4.599

(0] 0] SE— B Frrns —— Y| EO Mean(main) -0.143+0.098

StdDev(main) 1.642+0.122
: : : : Scale(sub)  54.280+3.098
............. Mean(sub) 0.379+0.325

: : : : StdDev(sub)  8.777+0.403

75

50

rTTT T T T T T T T T T T T T T T T

25

E|||i||||;||||i||||: :I
940 —30 -20 -10 0 10 20 30 40

z0_trigger-z0_offline(cm)

29/16




Hit choice: Candidates

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

£1200— A
‘9 ~1O WIreS are pOSSIbIe to InterseCt Wlth One traCk' 1000 IIll"—_'—_ '—_—':’
® F|tter ChOOSe the h|t neal‘eSt '[0 Cand|date ID 3~4 800 ., ;r ?
> This corresponds to choosing hit near z~0. 600

[[BWS [eamod

Backward Forward

3P° P
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

2022/10/07 43rd B2GM TRG session



Hit choice: Data and Method

CDC Hits from reconstruction . offline track
CDC Readout matching
(exp26 runl756) TSH\/I\‘ _ (Ap < 10°)

trigger track

©This event is HLT Mode = beam_reco_monitor. (i.e. no event selection like |zO|
< 1 by High Level Trigger)

©No event selection
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https://rundb.belle2.org/webview/run/26/1756/

Hit choice: Ideal Try all combination
&) Good example () Bad example

exp26 runl756 event889

— 100r 100 exp26 runl/756 eventll/9
e - —— offline track 'E - -
2 80r —— neuro track S sol —— offline track
M r — - — neuro track
60 —— fitter track ~ 60OL —— fitter track
- —— fitter2 track C
— - — fitter2 track
4{]; e TS hit 40 ¢ . Tlsiit e
20F ¢ TS hit (fitter2) 20 ® TS hit (fitter2)
0OF + T5 candidate hit 0 : + TS candidate hit
~20F —20F
~40F —40F
—60 | —60F
—80 80 : _ : i
_ | I T T T | | TR T R TR _ - AR TR TR NN TN TN T NN TN TN TN NN SRR SN S N SR T
100, 20 40 60 80 100 1004 20 40 60 80 100
S (cm) S (cm)

oIf all Super Layers have 3 candidates, possible combinations would be 3”4 = 81.
So this is not practical.
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Hit choice: Idea2 Pre-fitting

(&) Good example () Bad example

exp26 runl756 eventl7049 exp26 runl756 event2229

= 100 _ = 100 _
S 30 :_ — offline track 5 30 : — offline track
~ [ — neuro track ~ [ — neuro track
60 —— fitter track 60 —— fitter track
40 - - == pre fitting 40 - - == pre fitting
- — fitter2 track - —— fitter2 track
20 - s TS hit 20 s TS hit
0F _— @ TS hit (fitter2) okF B @ TS hit (fitter2)
- | « T5 candidate hit N ' « T5 candidate hit
—20F = —20F -
_aok —40F
—60F = —60F -
-80F -80F
_ i S TR T A TN SN SN NN SN SN SN N SN SN S N T S _ T R TR N A TN SN MU N T SR S N S S S N T S
IDDU 20 40 60 a0 100 IDUU 20 40 60 80 100
S (cm) S (cm)
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Hit choice: Idea3 Add origin

®Add origin as a candidate because most zO offline ~ 0.
expZ26 runl/s6

E jl:l offline | _ : B — offline

EB{][}{]_....-. S S | S i .

L i ; : : StdDew 76.307

o =

Eﬁﬂﬂﬂ— |

i

A000L

Eﬂﬂﬂ_— .........................
U_llli"'ill—w'i—ﬂjlliri%'i|ﬂg—pﬂ4—q_n: ,
—-80 —-60 40 -20 0 20 40 60 80

Z0 offline(cm)
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Hit choice: Idea3 Add origin

&) Good example

exp26 runl756 eventl3789

100

Z (cm)

%

TTTTTTTT TN TTTTT T

offline track
neuro track

——— fitter track

- = pre fitting
fitter2 track

o TS hit

® TS hit (fitter2)

+« T5 candidate hit

Z (cm)

100

S ) c——

() Bad example

exp26 runl756 event99

offline track
neuro track

—— fitter track

pre fitting
fitter2 track

TS hit

TS hit (fitter2)
TS candidate hit

80 100
S (cm)

2022/10/07
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