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A worldwide Perspective 
High intensity 

MCP-PMT 
Charge Sensitive 

Amp  GRAPH 
ASIC 

Belle II Construction  
& Commissioning 

(pixel, Silicon Upgrades) 

ExaVolt Antenna (EVA) 
ANITA5 

Cherenkov Telescope Array (CTA) 
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Milestones and Opportunities 
• Belle II commissioning, pixel upgrade thereafter 
• SuperKEKB nanobeam monitoring 
• ANITA 5th Flight  new hardware 
• Hawaii Muon Beamline  test new detectors 
• Great opportunities – life cycle of a university 

– Jr./Sr. research projects  (EE x96/x99, PHYS 499) 
– Directed study/NASA Space Grant/REU (Japan/Antarctica) 
– Conferences & Publications (NIM/IEEE/JINST …)  
– Board/firmware/chip design (PHYS476) 
– Many ‘chip’ designs in queue;   ALPS, GRAPH, RFPIX, Si-READ, … 

• Design, layout, simulation and test opportunities  













mailto:Juliend@hawaii.edu
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mailto:varner@phys.hawaii.edu


  

TOP at Belle 2
varner@phys.hawaii.edu
ohartbri@hawaii.edu
kotchet@hawaii.edu

mailto:varner@phys.hawaii.edu
mailto:ohartbri@hawaii.edu
mailto:kotchet@hawaii.edu
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Hawaii Muon Beamline (HMB))
● Beamline reference system

● Currently under construction

● Will Include 3 detector systems

○ 4 layers of polyvinyl toluene scintillator blocks

○ 4 surrounding NaI detector blocks

○ Double sided silicon strip detector (not pictured)

● 3D Positioning in post processing

Contact: bynes@hawaii.edu



Borehole Muon Detector (BMD)
● Subsurface moun detection

○ Used to generate 3D map of 
underground plumes and reservoirs

● Currently under construction
○ Currently testing center daugther cards
○ Readout firmware 

● Detector & Readout consist of
○ 2 half cylindrical polyvinyl toluene 

scintillator blocks
○ 1-10 center daugther cards
○ 2 end cap cards
○ Power board 
○ STRAP

Contact: khanhle@hawaii.edu



Timing Vertex Detector (TVD)
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• Occupancy reduction in Belle II:
3% → 0.37%

• Data rate reduction in Belle II:

Belle II Vertex detector (PXD) 3D sketch of the TVD Ladder 

• Pixels →particle detection 
and signal generation

• Transmission line (TL)
→ pixel position encoded in 

the signal time-of-flight

• Readout ASIC → Measure 
signal arrival time 
(each TL is one ASIC ch.)

• All ch. are independent
(asynchronous)

TVD potential advantages:

P. Orel and et al. “Exploratory study of a novel low occupancy 
vertex detector architecture based on high precision timing for 
high luminosity particle colliders”, NIMA, 11 June 2017 72.5 Gbits/s → 19.5 Gbits/s 

ൗ1 4
Many challenges
but also lots of 

opportunities for research!

Peter Orel: WAT 231, porel@hawaii.edu

mailto:porel@hawaii.edu


Research opportunities
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• Signal modeling & 
analysis 

• ASIC: timing extraction 
algorithm development

Belle II spectrometer

• Belle II: How much of the 
background are X-rays?

• Belle II: How much 
radiation will the ASIC 
get?

• Pixel modeling: What 
kind of signal can we 
expect?

• Pixel electronics: How 
to lower the pixel 
power consumption?

TL

Si

SiO2

Single ended 

TVD: Pixel

• Transmission line: 
• Design for low loss
• Model crosstalk

TVD: Transmission line

TVD: Readout

Peter Orel: WAT 231, porel@hawaii.edu

mailto:porel@hawaii.edu
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