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Outlines

1. Belle Il Experiment and need for a trigger
2. Vertex detector upgrade and information dedicated to trigger
3. Fast Track Reconstruction Algorithm

4. Single Track Events Results

5. Outlooks




Belle Il and SuperKEKB

= Goal : Search for hints of ‘New Physic’ in
bb, cc and TT events

= Composed of multiples detectors

— Each providing a different type of information
— Tracking done by VXD and CDC

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

Particle Identification
Time-of-Propagation counter (barrel)
_ Prox. focusing Aerogel RICH (forward)

' f positrons (4 GeV)

Central Drift Chamber ‘ r

Smaller cell size, long lever arm

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

—

~—

electrons (7 GeV) el

Vertex Detector
2 layers Si Pixels (DEPFET) + ~
4 layers Si double sided strip DSSD |

<, ‘Belle Il TDR, arXiv:1011.0352

Schematic of Belle |l



https://en.wikipedia.org/wiki/Belle_II_experiment

Belle Il and SuperKEKB

= SuperKEKB, 2019, Tsukuba, Japon
— Highest luminosity in the world (£ = 4.7 X 103* cm™2s™1)

» Goal:Reach £ = 6.0 x 103> cm™2s~1

— Collect targetEd amount of data in ~15 years B e

e*e  bunch collision ~200MHz

Bhabha scattering (ete- = ete) >~50kHz
Storage beam BG  background >™~150kHz(ECL 2022)
. + _ . >~300kHz  >“100kHz(CDC 2022)
u Asym EtrlC e /8 COl | |der (4 GEV/7 GEV) Injection beam BG ~1MHz instantly
— Frequency beam crossing: 250 MHz —— BT
. . o N o Continuum (e*e” = uubar,...) ~2kHz
» Only a tiny fraction produces interesting physic ! p——— | Ak
Physics target
ete” = pfuw ~15kHz ~0.6kHz
ete" > T ~0.6kHz
dark matter/new particle ? ?7??




Trigger in Belle Il

Detector Information Global Decision
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& Tracking Kept
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Trigger in Belle Il

Menu selection

T event
Detector Information « 1 or 3 charged tracks. Global Decision
) « 2-track (full or short) + opening angle > 90°
i T * ECL energy sum > 1 GeV
/”/ r 1 * 3 ECL clusters, 1 of E > 300 MeV
Tracking * CDC-KLM matching Kept
| . ) }
-~ | r 1
gl & r‘ Ener TRIGGER
‘ — &Y (algorithm)
' . J
Ei\ ; ( )
N ' .
S— Other Rejected
S \ J
Global Time 5 us




Vertex Detector Upgrade

= Increasing collision rate to reach experiment objectives
> Need a higher granularity ——)» New vertex detector !

> More difficult triggering =) Could the new detector contribute to the trigger ?

Current inner vertex Future inner vertex
detector (VXD) detector (VTX)




VTX detector
iVTX
Layer L1 L2
Radius 141 2.21
(cm)
Hit Rate
(MHz/cm?) 120 50

VTX detector : Design

= 5 Layers of MAPS

(Monolithic Active Pixel Sensor)

Focus of this study

L3

6.91

~6

oVTX
L4 L5

8.95 14.00

~2 ~1

OBELIX senso

Total Area
(Sensitive Area)

Matrix

Pixel pitch

Integration
Time

OBELIX-1

matrix: 896x464 pixels
overall size 30.2x18.8 mm?

e

&
i

Design

5.68 cm?
(4.53cm?)

896x464 pixel

33 um
50 to 100 ns




OBELIX sensor : Functional Implementation

OBELIX-1
=)
o Pixel Matrix
2 896 Columns, 464 Rows
<
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SCU: Sync to input data stream,
deserialize and generate clocks

CRU: Parse commands and global
configuration registers

TRU: Pixel readout, storage
and trigger processing

PTD: Part of TRU for precision
timing

TXU: Data framing and serialization

TTT: Alternative transmission for
Belle Il trigger contribution

Slow Fast
Output Output

Not explicitly shown: pixel config
and injection circuit

Fast output characteristics :
 Word (10 bits)
 Sent each 29.6 ns

* 1 for ahit, Oif no hit




Contextualizing my work

[ Stored event ]

-

Tracking
Fast output | FPGA\ Information
My work :
Fast Track . . .
Reconstruction Global Decision Logic
m Algorithm
\_ /
Trigger decision :
Keep
Timing : 5 us
Slow output . .
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Fast track recognition algorithm : LUT
= Look-Up Table (LUT) logic:

1. Creation of the physical track table from simulation
2. Comparison of tracks "seen in the detector" with the table

[ Track Table ]

Tracks in the detector Comparison

Recognized : Kept

Unknown : Rejected

I —



Macropixel segmentation

= A major problem:
» 896 x 464 pixels per sensor

» =1,000,000,000 pixels in the detector
J An excessive number of combinations

= Solution:
» Macropixel : reduced spatial accuracy
» 8 x 1 Macropixels per sensor

Binmy mmn inos Rne iy nons mon pmm |

B O R

{mmmmnng mnmnon Dasnnon snsnann pnnnonn msnnnmn Sannnn oannen |

v Considerable reduction in the number of combinations |

v' Time-saving comparison in the LUT

A track will be the list of 3 numbers;
the list of 3 Macropixels hit by the particle




Activation Rate

Layer 1 2 3 4 5
e fizrts 120.0 51.6 6.4 2.1 1.2
(MHz/cm?)
Area Macropix 0.566
(cm?) '

Transmission

Clock 33.9
(MHz)
Average
Activation Rate 2.004 0.862 0.107 0.035 0.020
(Hit/Clock/Macropix)
\
| \
Overflow Low activation rate-> Usable information



Fast track recognition algorithm : Recap

= Methods presented :
» Detector simulation (using Geant4-based Belle Il software: basf2)
» LUT logic (Python algorithm development)
» Introduction of Macropixels (Algorithm development in Python)

= TRG expectations on algorithm output :

— Standalone : Nb of tracks, z-vertex and ® angle
— With CDC TRG : @ angle, Track timing to match CDC

= Figure of merits :

Nbr tracks recognized

> Global efficiency : >95 %

Nbr tracks simulated
> Z-vertex Acceptance : |z| <5cm




Study case and encountered difficulties

= Study's events : Table event characteristics

i +
— Particle Gun : Single track events Particle l

> No combinatorial here Production point (x=0,y=0,z=0)

— Table Characteristics : 10° tracks Range of momentum 02 <p <3.0
> 1 [
40 000 unique tracks stored Range of § angle 17° < § < 150°
v Suppress the duplicates in the table
Range of ¢ angle 0° < ¢ <360°
= Difficulties : Select the ‘physical’ tracks
» Reentering particles: » Combinatory :
% We register 2

Suppressed

from the table ,ﬁ tracks out of the
A ¥ cluster




Results : Efficiency

* Efficiency Test Sample : 10° pt, identical to table event characteristics

Average efficiency = 98.14 + 0.03 %

= Trigger Efficiency with respect to:
» Transverse Momentum » Angle ¢ » Angle 6

Trigger Efficiency depending on pr Trigger Efficiency depending on ¢ Trigger Efficiency depending on 6
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Results : Z-vertex Acceptance and ¢ Accuracy

Acceptance test sample : 10> ut, with z € [-10,10] cm

 Accuracy test sample : 10° pE , identical to table event characteristics

Z-vertex Acceptance : |z| <2.5cm

& Accuracy : Gaussianc =3.17°

Trigger Efficiency with respect to Z-vertex

Density histogram of A¢
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Conclusion

= First software results —=> Validated

— Average efficiency = 98.14 %, Acceptancein Z< 2.5 cm, Accuracyon ¢ : 0 =3.17°

= Next steps:
— Include multiple tracks events and background contribution
> Closer to detector reality and estimate fake trigger rate

— Check algorithm hardware capability
> What usage for the Global Decision Logic ?




Backups




VTX detector : Requirements

Better tracking robustness against background

— Total ionizing dose: 10 Mrad/year
— NIEL fluence: 5 x 103 neq/cm?/year

Improved track reconstruction for low p particles

Higher vertex position resolution

» 15 pum resolution

Schematic of 5 Layer VTX

Conserved performance for physics




VTX detector : Design

= 5 Layers of MAPS (Monolithic Active Pixel Sensor)

The study focuses only on oVTX

iVTX oVTX
Layer L1 L2 L3 L4 =
Ladder 6 10 30 40 31
Sensors per
Ladder 4 : 2 0 2t
Distance to 141 291 6.91 8.95 14.00
IR (cm)
Areg cover ~115 ~192 ~806 ~1382 ~6000
(cm?)
Hit Rate
(MHz/cm?) 120 >0 ° ’ :




OBELIX Sensor : Design

Design OBELIX-1
Total Area 5.68 cm? matrix: 896x464 pixels
i 2
(Sensitive Area) (4.53cm2) overall size 30.2x18.8 mm
Matrix 896x464 pixel
Pixel pitch 33 um 5
Integration 50 to 100 ns g’ Sl
Time a| 1

Trigger handling 30 kHz
(latency) (10 ps)

Data output rate 320 MHz




The physics behind silicon sensors

NWELL PMOS NMOS
Spacing DIODE Spacing TRANSISTOR, TRANSISTOR
<> <>

diode i % hf
-

Depletion®™. g e S L%
[ . \.‘- o ~ []
region™._ h !
0‘ - - h ’
-l - |‘ e.
- . ne"€ -‘: -". "“n,-.
[k PO h ‘..-.'; p” epitaxial layer
/ p substrate

Particle hit
Artistic view of the interaction between a Detailed diagram of how silicon sensors
charged particle and the silicon sensor work
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