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Belle Il Experiment VTX Detector’ OBELIX sensor ?

Current Vertex Detector New Vertex Detector feELis

(VXD) (VTX)

Asymmetric e /e~ collision at 4/7 GeV, +/s = 10,58 GeV

Located at SuperKEKB collider in Tsukuba, Japan
 Highestinst. luminosity in the world : 4,7 x 103* cm™2s™1
> Target: 6 x 103> cm2s1

10 Pads and Regulators

Improving tracking performance %
and background rejection

needed due to luminosity increase  “<SSSSSA' .

Fully pixelated detector

* Pixel pitch: 33 ym Hit Data Output : Trigger Data Output :

. . : : g A  TXU (Transmission Unit)  TTT (Track Trigger
Tracking trigger informations only . - * 5-6 Layers with the same DMAPS sensor : OBELIX * Provides pixel Transmission)

from Central Drift Chamber (CDC) ., - Pixel Matrix : 896 x 464 information + Data sent : 8 bits
* Frequency : 34 MHz
* Triggered output * Continuous output

Is triggering with pixel sensor information feasible ?

Look-Up Table Macropixels Patterns

* Logic based on areference table : ixel - ivel -
6! . , Pixel : , Macroplxel ' , * Pattern : Bitword merging TTT information from all sensors
1. Pattern Table : * Design granularity * Reduced spatial granularity . Current Geometry - 2552 SENsors » 20416 bits
e Stored physical track patterns from simulation with > 896 x 464 per sensor > 8 x 1 per sensor y-

. . . ~ 9 . ~ .
their characteristics » ~ 107 in the detector » ~20k in the detector Online Hits 0011...100...110..01...1010

2. Detector/Table pattern comparison: i $ $ $ $ ¢
. . . : : * LUT comparison:
* Triggered track if its pattern is recognized in the table | A pattern 0010...100...010..01...0010
Example Pattern Index Pattern OFC) DP(°) pr(GeV/c)

0 =37.2°%¢ =2563°pr =113 Gev/c 1 001...010....0001 |67 |259 |1.56

2 010...010....0001 23 0.89

» Reduction in the number of combinations  Pattern Table:
» Smaller Pattern Table

» Faster to search through

» Manageable bandwidth for transmission 126305 | 100...010...0010

126304 | 100...010....0100

VTIXTRG : In practice Study case

OBELIX sensor hits 1. Table generation

> 10° pE =>With 5 Layers, ~100k unique patterns

ReJeCt ] Evolution of the number of unique patterns in the table
with respect to the number of events generated

CO m pa e Table event characteristics

Production point (x=0,y=0,z=0)

Range of momentum 0.2 GeV/c < p < 3.0GeV/c

Range of 8 angle 17° < 6 < 150°
Range of ¢ angle 0° < ¢ <360°

Detector Hits Event with 2 tracks

Number of unique patterns
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2. TeSt sSam pleS : 0.0 0.2 0.4 0.6 0.8 1.0 12 1.4
Events 1e6

1. Efficiency/Z-vertex acceptance : 10° pT with table characteristics / with z € [—10,10] cm
2. Angle Accuracy : 10° u* with table characteristics

3. Fake Trigger Rate : 10° background events, 3 BG Scenarios

Results Conclusion

Trigger Efficiency as function of pr
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& Accuracy :
+3,18° Average Efficiency : * Excellent preliminary results

98,14 + 0,03 % * VIXTRG in agreement with TRG requirements
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Frequency

6 Accuracy :
+0,34°

Trigger Efficiency (%)
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| * More complete studies to be conducted
Ap 1t gtesty (n o) ST Uercevi . Different Macropixel segmentation (4/16/32)
Fake Trigger Rate regarding the BG Scenarlo * BG Analysis Code for standalone mode
S i S S T * Other VIX Geometries (6 Layers / staggered)

-- Maximal trigger output rate
| mmm Layer used : 3
Bl layerused:4
BN Layer used:5 Cut:

“Number of track > 2 & pr > 1 GeV”
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Z-vertex
Acceptance :
|1z| < 2,5 cm

* Implementation firmware to be studied

Best Case Fake Rate : * Constraints from TRG FPGAs and OBELIX design
23 kHz

» Investigate better cuts

[=)]
(=]
1

Fake Trigger Rate (kHz)
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