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Motivation

CDC trigger has highest trigger rate among sub-triggers of Belle Il L1 trigger.
Off IP particles are one of the sources of beam background.
CDC trigger cuts particles coming from 15 or 20cm away from IP.
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It seems that there is room to improve the current trigger




SVD

« the double-sided silicon-strip detector located in the innermost part of Belle Il detectors.

* detects the position through which the particle has passed.
For now, geometry of TFP-SVD

IS same as current SVD

Thin-fine pitch SVD (TFP-SVD) _
« We are developing new SVD to install after 2026. 0 a5

Take OR of 128 strips
strip

OR O Read out at 127MHz

pitch of N side strip 160 or 240 ym 80 ym / M / o Avm

pitch of P side strip 75 um 75 um (pitch 80um)
Sampling rate 32 MHz 127 MHz 128strips = 1.0cm

Generate TRG signal X O [ We are considering new L1 trigger using TFP-SVD ]




Trigger algorithm

Pattern matching by LOOK UP TABLE (LUT)
» Collect a lot of track patterns of particles from IP.

Condition of particle generation for LUT

 Use hose as alook up table.
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Result: One signal particle study

* We generated only one particle at IP and investigated trigger efficiency.
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TRG efficiency is about 90% Directional efficiency

Cause : sensor dead area

- Not all hits on all four layers can be obtained




For improvement of trigger efficien

« We need to cover sensor dead area.
« Track finding algorithm using 3/4-layers: pattern matching using any three layers of four layers.
layer 34 5, layer 34 6, layer 356, layer45 6
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Track finding using more detail infor

Concern
* Relaxing condition = high fake trigger under the random BG
« To enhance BG rejection power, we use more detailed ¢ information.

Use P strips &
& AP strip LUT using P-N strips
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*“3 4-lays 4 hits of all four layers 8 hits of all four layers

3/4-lays 3 hits of any three of the 6 hits of any three of the
four layers four layers

Pattern on r — ¢ plane




Result: One signal particle study

® What | showed before
® TRG efficiency improves to nearly 100% for all ©.
® almostidenticalto @
® almostidentical to ®
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Result: Random BG study

« BG particles with low momentum can make a lot of hits - we need to consider fake trigger rate

« BG samples were prepared assuming nominal luminosity. — eme
« We consider two types of time scale /</\///$\ W , .il |
. ' _SVD- 7. -}
S.arr.lpllng rate of ASIC of T.FP SVD: 8ns I I et
« Timing accuracy of CDC trigger: 60ns )
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8ns (per one frame) 5% 50% 1% 10%

60ns (taken OR of 8 frames) 22% 95% 3% 35%




Result: Off IP particle study

« To investigate off IP particle rejection power, we generated only one particle at various z.

® can reject particles flying from 2.5cm away from the IP
® Sharpness is somewhat lost, the boundary of the rejection region is 6¢cm .

® slightly sharper than @ , the boundary of the rejection region is 2cm
@® slightly sharper than @ , the boundary of the rejection region is 4cm TRG Prob vs z
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* | considered some types of algorithm to improve TRG efficiency while maintaining high BG(random BG
and off IP particle) rejection power.

Trigger performance

P-N, P-N,
all 4 Iays 3/4- Iays all 4-lays 3/4-lays

Efficiency 90% 98% 90% 98%
Fake TRG prob under 0 0 0 0

random BG (60ns) 22% 9% 3% 35%
Off IP rejection region |z| > 2.5cm |z| > 6cm |z| > 2cm |z| > 4cm

« | think “P-N, 3/4-lays” algorithm is best of these options.
- sufficient efficiency
- good off IP particle rejection power
- prospects of stronger BG rejection power by matching with CDC
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Wave form shaping 12 /10

Read out by ASIC

* One ASIC of TFP-SVD(SNAP) will read out signals every about 8ns and will take OR.

» The timing of particle going through a sensor can be obtained from the rising edge of wave form.
 For that, before taking OR, we cut the waveform leaving rising edge.
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we can get all signals at frame 2
|

« However, the timing may be off by about one frame. | [l oxend frame by one
* In order not to miss a series of signals, ke
we extended pulse rise frame by one. 5
D
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kHz/wire

hit rate per wire [kHz]

EZZZZZ HER Touscheck
HER Beam gas
B HER const.
ZZZ3 LER Touscheck
[(E==] LER Beam gas
B LER const

500

Updated

h
4

[0 Luminosity
[Z777] HER Touscheck

400

 (w/ run-dep MC

300

200

100

T AT T T T I E E E T
T

HER Beam gas
LER Touscheck
LER Beam gas

Qc}%/




Zs-i° Resolution of Neuro Tracks, all |z|

D

Increase of bg at constant lumi-> increase or STT trigger rate (efficiency stays!)
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fraction of 1-track events: 26.6%

Exp 16, all runs.

STT active, zcutTrig = 20 cm, resolutions

C. Kiesling for the Neuro Group, B2GM Meeting, Trigger Session, Okt. 15, 2021

Band at |z|<20cm:
all track triggers
require a neural
track

Large |z]:

a certain fraction of
tracks shifted into
IP region

-> increase of rate

Why are tracks
predicted around
IP while coming
from large |z| ?

26/0712021 1

Z;'” Large |z| Tracks: Expert 4 Network

Tracks from large |z| tend to miss the inner CDC layer (,,SL1“) -> , expert 4“ network

Plot: Neuro tracks
selected which do
not have inner
stereo SL (SL1) hit
(and also missed
innermost axial SLO)

These tracks are
dominantly coming
from large |z].
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Plot: reco tracks matched to neural tracks with missing stereo SL1

C. Kiesling for the Neuro Group, B2GM Meeting, Trigger Session, Okt. 15, 2021

reco Track z[cm]

NN resolutions are
about adequate

To-Do:
Feed-down must
be reduced by
improved training
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we can get all signals at frame 2
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